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Abstract
We have taken the opportunity of the opening of a new
hospital in May, 1984 to observe the effect of increasing
hospital usage of antibiotics on the antibiotic resistance
of bacteria in the sewage outflow from the hospital. The
susceptibility of organisms in domestic sewage from the
adjoining town was also measured as a control.
From May 1984 to Nov 1986, at three-monthly intervals,
sewage samples were collected via a sampling port from the
final common sewage outflow from the Prince of Wales
Hospital (PWH) and from the point where the pooled Shatin
city sewage enters the Shatin Water Treatment Plant The
sewage bacterial concentrations were fairly consistent in
all samples from the same source even at different seasons.
However, mean viable sewage bacterial counts of hospital
sewage were consistently lower than those from city sewage.
There were considerable fluctuations in the proportion of
resistant strains with time and there was a significant
difference between the two sources. The order of frequency
of sewage bacteria and gentamicin-resistant sewage bacteria
was different between hospital and city sewage.
Since the opening of the hospital, there was a steady
increase in the number of patient admissions and the
consumption of antibiotics increased in parallel. There was
also an increase in the number of gentamicin-resistant gram-
negative clinical isolates. However, these increasing
trends were not reflected in hospital sewage organisms. In
hospital sewage, there was a dramatic increase in the
proportions of resistant strains to six antibiotics during
the first two sampling periods, after which the value
fluctuated or levelled off. There was absence of any linear
correlation between antibiotic consumption with multiple
resistance and the proportion of resistant strains in
hospital sewage.
With particular reference to gentamicin-resistance, the
order of frequency of predominant species was different
between hospital sewage organisms and clinical isolates.
Amongst 363 gentamicin-resistant E coli strains and
Klebsiella isolated in hospital sewage, there was a high
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It is generally agreed that antibiotic usage within
hospitals tends to stimulate the emergence of strains of
bacteria resistant to the antibiotic being used within the
hospital environment. However there is evidence that this
phenomenon is not necessarily a direct and inevitable
consequence of antibiotic therapy and other factors such as
cross-infection may be involved. We have taken the
opportunity of the opening of a new hospital to observe the
effect of increasing hospital usage of antibiotics on the
antibiotic resistance of bacteria in the sewage outflow from
the hospital. The susceptibility of organisms in domestic
sewage from the adjoining town was also measured as a
control.
I Emergence of antibiotic resistant bacteria
Different antibacterial agents and antibiotics have
differing activities against different bacterial species.
Some organisms are naturally susceptible to a given agent
and others are inherently resistant. However, organisms
that are usually susceptible may acquire resistance by a
variety of mechanisms and the development of this acquired
resistance has reduced the clinical effectiveness of common
antibacterial drugs.
Over the past thirty years, there have been numerous
reports of increasing acquired antimicrobial resistance in
clinically important bacteria. There is evidence that some
acquired resistance was present in some bacteria before the
introduction of antibiotics, but in general there appears to
have been an increase in clinical resistance that parallels
the increasing use of antibiotics since their introduction
in the 1940's.
The evidence that bacteria have acquired resistance in
response to antibiotic pressure comes from a number of
tdifferent investigations. These include; I.a) studies of
bacterial populations that have not been exposed to
antibiotics, for example the faecal flora of remote rural
communities or stored organisms collected before the
introduction of antibiotics. I.b) comparisons between
bacterial populations exposed to higher and lower levels of
antibiotic usage, for example hospital and community
organisms. I.c) studies of the changes in antibiotic
resistance of hospital organisms in response to changes in
antibiotic usage policies. I.d) the effect of antibiotic
supplemented feedstuffs on antibiotic resistance of the
normal flora of animals and their handlers.
I.a studies of organisms that have not been exposed to
antibiotics
Although it is now difficult to examine rural and urban
populations that have not been exposed at some time to
therapeutic antibiotics, two such studies have been
reported. Garder' et al. (1969) were able to study an
extremely remote population in the Solomon Islands. They
found only two R-plasmid containing bacteria in 40 samples
of faeces and soil: an E. coli and an alcaligenes-like
species. Both strains were resistant to tetracycline and
streptomycin. The Xhosa communities in South Africa, who
Shun Western medicine were studied by Woods et al. in 1973
and Burt Woods in 1976. The isolated community is served
by only one mission hospital. During that time antibiotic
usage increased from virtually none to moderate usage and
resistance in faecal coliforms increased from 19%- 48%.
Other studies have attempted to assess the natural
occurrence of resistance genes in bacterial strains saved
before the introduction of antibiotics. For example Hughes
and Datta (1983) assessed the incidence of R-plasmids in
pathogenic bacteria in the Murray collection of
Enterobacteriaceae saved between 1917 and 1954. None of the
433 strains was resistant to streptomycin, chloramphenicol,
kanamycin, gentamicin, rifampicin, sulphonamide or
trimethoprim. Only two strains were resistant to ampicillin
and nine to tetracycline. However, the possibility remain
that some R-plasmids may have been lost during storage.
Smith (1967) reported a similar study of enteric
bacteria isolated and lyophilized in 1946 prior to the
widespread usage of antibiotics. Thirty strains were
reconstituted in buffer and tested for resistance to the
eight drugs including sulfonamide, tetracycline,
streptomycin, chloramphenicol, spectinomycin, bluensomycin,
ampicillin and kanamycin. Twenty-six strains were found to
be sensitive to all the drugs, one strain was resistant to
sulfadiazine, one strain resistant to spectinomycin,
tetracycline and bluensomycin, and two strains were
resistant to spectinomycin.
These studies indicate that although some resistance
existed in bacteria before the introduction of antibiotics
the incidence of acquired antibiotic resistance in the' pre-
antibiotic era' was low and there appears to have since then
an increase in clinical resistance that parallels the
introduction and increasing use of antimicrobials.
I.b antibiotic resistance in hospital and community bacterial
populations
Several studies in developed countries have shown that
the incidence of resistant enterobacteria is higher in
hospitals than in the community at large.
An early study was carried out by Lewis (1968). 232
strains of coli isolated from subnormal children in a
mental hospital during an outbreak of shigellosis and 300
strains of coli from a normal population were examined
for resistance to antibacterial drugs. 33.8% of the strains
from the hospital patients were resistant to one or more
antimicrobial agents while 24% of the strains from the
general population were drug-resistant. A Chi-square
analysis of these results shows that these differences were
significant (P0.02).
The proportion of drug-resistant coliform bacteria in
faecal specimens collected before hospital admission from
patients awaiting non-urgent surgery were compared with
specimens collected from in-patients by Datta (1969). There
was a strikingly high rate of carriage of drug-resistant E.
coli in the pre-admission specimens usually from patients
without recent exposure to antibacterial drugs and with no
more experience of a hospital environment than a visit to
the out-patient department. Resistant strains of E. coli
were isolated from 52% of pre-admission specimens and were
present in large numbers in 28%. Changes in bowel flora
after admission to hospital were not dramatic but there was
a tendency to acquire further resistant bacteria.
Many similar studies have been carried out and they
showed a significantly higher level of resistance in
hospitalized populations than in the normal population.
However very little has been done to investigate the
qualitative difference of the microbial flora.
Larson et al. (1986) carried out a survey on
composition and antimicrobial resistance of skin flora in
hospitalized and healthy adults. The aerobic bacterial
flora of the skin of the anterior nares, axilla, perineum,
and toe web in a group of 37 patients hospitalized for at
least two weeks was compared with the flora of 30 healthy
adults. They demonstrated qualitative and quantitative
differences in skin flora between the two groups and showed
that there was significantly higher levels of antimicrobial
resistance in hospitalized patients.
I.c fluctuation of antibiotic resistance with antibiotic
policies
Fluctuations in the proportion of clinical isolates
resistant to antibiotics may occur in response to changes in
hospital antibiotic policies. These policies have been
introduced to limit the use of certain antibiotics, and
several studies have related restriction of use to fall in
bacterial resistance (e.g. Price Sleigh 1970, Schulman et
al. 1971, Lowbury et al. 1972, Soggard et al. 1974, Roberts
Douglas 1978).
Barber et al. (1960) studied the effect of introducing
a controlled antibiotic policy designed to inhibit the
emergence of drug-resistant staphylococci and to favour
penicillin-sensitive strains. In addition, a number of
infection control procedures were introduced six months
prior to starting the antibiotic policy. The essential
features of the policy were restriction in the use of all
antibiotics for prophylactic purposes, strict limitations of
the use of penicillin, and the general employment of double
chemotherapy. The incidence of drug-resistance of all
staphylococcal infections in surgical wards was studied over
a 21-month period. A total of 5239 patients were admitted,
and 452(9%) of them had a staphylococcal infection. The
sensitivity of the organisms changed steadily throughout the
period of study. At the beginning of the investigation, 70%
of the isolates were resistant to penicillin and
tetracycline, and only 12% were sensitive to all the
antibiotics tested. In the last quarter, the proprtion of
organisms resistant to penicillin and teracycline had
dropped to 36% and that of penicillin sensitive organisms
had risen to 48%.
Ridley et al. (1970) described the rise and fall in the
incidence of antibiotic resistant Staph aureus in a teaching
hospital during an eleven-year period from 1958 to 1968 and
correlated these changes with hospital antibiotic policies
and antibiotic consumption. These workers concluded that the
antibiotic resistance of hospital strains was a direct
reflection of the prevailing prescribing habits. This
concept was emphasised before by Ericsson (1966) who
commented that the bacteria in a hospital form a negative
imprint as to their antibiotic spectrum of the habits of
antibiotic use.
This dictum applies to smaller environments within the
hospital. Individual wards may have a microbial flora which
is determined by the prescribing habits of the physicians
and surgeons using those wards. Chloramphenicol was rarely
used at the St. Thomas Hospital except in one particular
ward. For a two-year period more than half of the
chloramphenicol-resistant staphylococci found in the whole
hospital were isolated in this one ward (Ridley et al.
1970).
These studies show that antibiotic usage is associated
with the emergence of acquired resistance in previously
sensitive organisms. In addition sensitive species may be
replaced by species that are naturally more resistant. Thus
the widespread introduction of broad-spectrum antibiotics
has been associated with an increase in the number of
hospital infections caused by the more antibiotic-resistant
gram-negative bacilli especially by Klebsiella and
Pseudomonas species.
If the emergence of resistant organisms is the result
of antibiotic pressure then the active reduction of
antibiotic usage might be expected to result in the-
disappearance of such resistant organisms from a hospital
environment. An investigation of control of infection due
to Klebsiella aerogenes in a neurosurgical unit by
withdrawal of all antibitoics was carried out by Price and
Sleigh (1970). Klebsiella aerogenes infection became
epidemic in a neurosurgical intensive-care ward during 1968
and 1969. Isolation of infected cases and treatment with
massive doses of colistin failed to control the outbreak.
However, once all antibiotics, both prophylactic and
therapeutic, were discontinued in the unit, the incidence of
Klebsiella infection fell dramatically with no obvious ill-
effects on the outcome of infections due to this or other
organisms. In fact, the infection-rate from all organisms
was considerably reduced.
Resistance to gentamicin increased abruptly among
nosocomial isolates of Klebsiella and Enterobacter at the
New York Veterans Administration Hospital in 1973 and 1974.
A prospective clinical survey by Noriega et al.(1975)
revealed a greater incidence of true infection caused by
Klebsiella than by Enterobacter. The initial site of
infection was usually the urinary tract. Multiple serotypes
were involved, and one of these was found in rectal swabs
of patients treated with antibiotics. Gentamicin resistance
declined rapidly after the use of this antibiotic was
restricted and increased several months after restrictions
were removed.
I.d antibiotic resistance and animal feed supplementation
Besides being used therapeutically, antibiotics are
used widely in animals for prophylaxis, often on a herd
basis. Antibiotics are commonly added to many livestock
feeds at sub-therapeutic levels, defined usually as up to
200 parts per million, commonly expressed as 200 grams per
ton. This increases growth and suppresses bacteria that
cause certain diseases, some of them subacute. The increase
in growth results from an antibacterial effect (Jukes
1986).
Much of the debate concerning the use of antibiotics in
livestock feeds has centered its effect on bacterial
resistance. One of the first observations made early in the
1950s by Johansson et al. (1953), was that after the
addition of such supplements as tetracycline the bacterial
count in animal feaces increased after a temporary decrease.
This was in contrast to the effect of sulfonamides, which
reduce the count. Obviously, resistance had occurred
because the intestinal bacteria were thriving in the
presence of antibiotics. The growth of the tetracycline-fed
animals was stimulated and therefore the resistance was not
in itself harmful. Many investigators in the 1950s tried to
find out the nature of the changes in intestinal bacteria
that were produced by feeding antibiotics. The results were
variable and often conflicting (Jukes 1955). Some reports
pointed to a decrease in Clostridia, but others have not
supported these findings.
The practice of feeding animals with antibiotics began
to cause wide public concern in 1965 following the
publication of an account of an outbreak in England of phage
type 29 tetracycline-resistant Salmonella typhimurium
(Anderson 1968). Six human deaths were attributed to this
epidemic. It was traced to shotgun treatment of young
calves with antibiotics followed by wide dispersal of the
calves (Jukes 1973). Although this epidemic did not
involve the use of livestock feeds containing antibiotics,
the seriousness of the outbreak led to the Swann committee
inquiry in the United Kingdom. The report of this committee
on the use of antibiotics in veterinary medicine and animal
husbandry called for a stop to the use of certain common
antibiotics in animal feeds in the UK (Swann Committee
Report 1969). It recommended that antibiotics and other
antibacterials be divided into a feed class and a
therapeutic class which would be used only by issuance of
a veterinary prescription. The British government accepted
the Swann Committee recommendations in 1971.
The Swann Committee report was followed in 1970 by the
establishment of the Food and Drug Administration's Centre
for Veterinary Medicine (FDA) Task Force on the Use of
Antibiotics in Animal Feeds in the United States. In its
report issued in 1977, the Task Force acknowledged the
potential human and animal health hazard of drug resistant
bacteria and made a number of recommendations including
discontinuing the use of penicillin and tetracyclines in
feedstuffs. These -were based on the belief that transferable
resistance was stimulated by feeding antibiotics, so that
resistance genes in common nonpathogenic organisms, such as
E. coli passed to other bacteria, including pathogens. It
was postulated that farm animals that were fed antibiotics
would serve as factories disseminating transferable
resistance genes into the environment. The FDA said The
theoretical possibility that drug-resistant pathogens can be
produced by antibiotic selection has become a real threat
with the emergence of human disease caused by ampicillin-
and chloramphenicol-resistant Salmonella and Haemophilus.
The point is that known routes of transfer exist by which
antibiotic use in animals contributes to such threats.
Thus there is considerable concern that the use of
antibiotics in animals for therapy and prophylaxis and, to a
lesser extent, for« growth promotion might result in the
emergence of antibiotic resistance in the bowel flora of the
animals and their handlers by frequent contact and the
spread of such resistant strains to the general population.
According to Linton (1986), it is beyond dispute that these
uses exert a strong selective pressure inducing antibiotic
resistance. Evidence has accumulated suggesting animal-to-
human spread of bacterial resistance, and that antibiotic
resistant E_ coli of animal origin can colonize the human
gut. Smith (1969) who attempted to implant strains of E.
coli of animal origin into man concluded that animal strains
had limited ability to colonize the human alimentary tract.
This frequently quoted work was limited to a small number of
strains and one human volunteer. In contrast, Cooke et al.
(1972) considered that there was probably no great,
difference between persistence in the bowel of human and
animal strains.
Neu et al. (1975) examined the antimicrobial
susceptibility of 718 isolates of Salmonella from humans and
of 688 isolates from animals in the Northeastern United
States. Comparison of the resistance of the Salmonella from
humans with that of Salmonella from animals shows that
tetracycline sulfonamide and streptomycin resistances were
greater among strains from animals. This difference may
reflect the greater use of these agents in animals.
Salmonella of serotypes other than S typhimurium that came
from humans were consistently less resistant to all
antibiotics than were animal isolates. This survey
demonstrated that resistance to antibiotics was increasing
in Salmonella isolated from both humans and animals. Since
there were great similarities in the resistance patterns of
human and animal isolates; it would be useful to know
whether the R-factors are of a similar nature. Such
findings might suggest that animal strains have contributed
to the human pool of resistant organisms.
Other studies have been carried out to demonstrate a
clear cause-and-effect relationship between drug-
supplemented animal feed and the presence of resistant
bacteria in human. Levy (1978) examined the effect of
«
oxytetracycline—supplemented chicken feed on the faecal
flora of a farm family in contact with both chickens and the
feed itself. An increase in antibiotic-resistant intestinal
bacteria was found in the farm family and chicken bacteria
were found in the faeces of two persons in contact with the
chickens. These findings were probably aided by the
selective influence of tetracycline in the environment.
Trimethoprim containing products were introduced for
medical and veterinary use in 1968 and 1969. Over the
period 1980-1983 Wise et al. (1985) screened a total of
1572 isolates of E. coli obtained from the faeces of young
farm animals with diarrhoea. Trimethoprim-resistance was
detected in 28% of isolates from cattle 13% of isolates
from pigs and 9% of isolates from lambs. Many of plasmids
from animal bacterai closely resembled those isolated from
human patients in the same area, suggesting a common pool of
Trimethoprim R-plasmids. This is in agreement with a number
of other studies of the ecology of antibiotic resistance
which have indicated that there may be a common pool of R-
plasmids in man and animals (Anderson et al. 1975 Davies
Stewart 1978).
These research findings strongly suggested that there
is a causal relationship between antibiotic use (and
overuse) and. the evolution of resistant bacteria. However,
there is still much controversy over this issue.
The emergence and evolution of antimicrobial resistance
is complex. While evidence of increasing resistance is well
documented, there are also data demonstrating I.e) the
discrepancy between published accounts of increasing
resistance and clinical experience I.f) large scale
susceptibility testing indicating the 'non-proliferation' of
drug resistance and I.g) the occurrence of antimicrobial
resistance in the normal environment.
I.e Discrepancy between published accounts of increasing
resistance and clinical experience
Few can doubt that the use of antibiotics favours the
selection and overgrowth of resistant strains (Finland 1971)
and there is evidence that the restriction of antimicrobial
drugs can be associated with a decreased prevalence of
resistant gram-negative bacilli (Price Sleigh 1970
Schulman et al. 1971 Lowbury et al. 1972 Soggard et al.
1974 Roberts Douglas 1978). In spite of the introduction
of many new antimicrobial agents resistance of bacteria is
often regarded as an increasing problem.(Ma et al. 1983
McGowan 1983 Neu et al. 1984 Lambert 1984). The
increasing resistance of Enterobacteria and other gram-
negative bacilli to antimicrobial agents has been noted
throughout the world (Dulaney Laskin 1971 Davies Rownd
1972). Their role in opportunistic hospital-acquired
infections has been extensively documented (McGowan et al.
1975 Finland 1971). The ability of some to acquire
resistance to antimicrobial agents and to spread extensively
among hospital patients or possibility of dissemination of
resistance plasmids to other pathogenic strains had caused
increasing alarm.
However despite the increasing resistance of
Enterobacteria to antimicrobial agents serious infections
of patients with multiply resistant coliforms and other
gram-negative bacilli are less frequently reported than
might be anticipated. In a review of 1000 bacteraemia
cases and patients from 1972-82 at St. Thomas' Hospital, it
was difficult to detect any increase in the proportion of
bacteraemias caused by gram-negative bacilli or any shift
towards multiple resistance (Casewell 1982). Gruneberg
(1976, 1980) reviewed the antibiotic sensitivities of
urinary pathogens from patients admitted to a group of
London hospitals between 1971-74 and 1971-78. There were
changes in the proportions of the different bacterial
species and in their sensitivities to antibiotics.
Resistance became more frequent to drugs for which
resistance is commonly R factor-mediated and less change
was observed in resistance to other antimicrobial agents.
However, in both cases, no obvious trend towards multiple
resistance was shown.
Casewell (1982) pointed out that claims for an
increasing prevalence of gram-negative infection have
sometimes been based on the laboratory isolation of
coliforms, but actually it should be measured in terms of
infected patients. There is a difficulty in determining
incidence from laboratory isolates which may reflect not
infection, but merely the patient's flora or harmless
colonisation by hospital strains.
Sampling bias is another problem. Sepsis rates and the
number of deaths caused by hospital-acquired coliform
infections are influenced by the underlying condition,
vigour with which the patient is treated and the activity of
the staff in seeking evidence of infection, especially
during the terminal stages of illness (Parker 1971, McGowan
ct al. 1975). Previous studies showing an increased
incidence of gram-negative infections have not been
controlled for other variables such as changes in patient
populations, hospital invasive procedures or drug therapy,
all of which may predipose to opportunitic infection.
Indeed, it has been suggested that if a current hospital
population was standardised so as to be comparable with a
hospital population ten or twenty years ago, there may be no
actual increased risk of infection (Dixon 1975).
I.f Large scale susceptibility testing indicating the 'non-
proliferation1 of drug-resistance
Most hospitals now witness the sporadic isolation of
coliforms that show unprecendented multiple resistance, some
have a high rate of endemic infection, and others have
experienced widespread cross-infection and cross-
colonisation with multiply resistant strains. the overall
trend is one of increasing resistance to an increasing
number of antimicrobial agents.
However, in the last decade, many large scale studies
of antimicrobial susceptibi1ty have been carried out in
different parts of the world which have demonstrated
virtually no increase in resistance in most species.
Compelling evidence exists to suggest that susceptibi1ty of
enterobacteria in the population at large in the United
States did not change between 1971 and 1984. Bacterial
susceptibility to 16 commonly used antibiotics was analysed
from 1971 through 1982 by Atkinson and Lorian (1984) from
more than 200 hospitals. Susceptibility ofSalmonella to
commonly used antibiotics from more than 200 hospitals from
1975 through 1984 was analysed by Lorian (1986). In both
cases, the susceptibility to antibacterial agents did not
change markedly in most species although increase in
resistance to most drugs was shown for Str faecalis and
Staph epidermidis.
In a multicentre study in Central Europe, 35000
bacterial isolates from different hospitals were analysed by
Kresken and Wiedemann (1986). None of the bacterial species
under test showed an increase in the number of resistant
strains between 1975 and 1984. The overall level of
resistance remained unchanged or even decreased. However,
this was not true for certain areas where the use of
antibiotics and hygienic conditions differed markedly from
the averages.
Caution is obviously needed in intrepreting these
results. Massive surveillance studies fail to appreciate
that changes in antibiotic resistance do not occur in a
monolithic fashion across species centres and countries
but rather are a series of interactions between reservoirs
of different genomes (species plasmids and transposons) in
different ecological niches with constantly changing and
evolving selection pressure (Acar Bouanchaud Chabbert
1977). In particular individual hospitals may have various
problems of antimicrobial resistance which is not singly due
to sampling bias. Casewell (1982) pointed out that there is
undoubtedly marked geographical variation in the prevalence
of individual genera and of multiply resistant strains. For
example Serratia marcescens infection is uncommon in most
UK hospitals (Phillips King 1977 Ghoneim Day 1980) but
common in other parts of Europe (Verbist et al. 1978) and
North America where sensitive and multiply resistant strains
are more common (Maki et al. 1973 Meyer et al. 1976).
Mayer (1986) commented that large assemblies of data
may suggest that the spread of antibiotic resistant
organisms has not eluded effective control, but lumping
disparate centres with different trends cannot qualitatively
explain why resistance epidemics occur and why certain
centres have major problems while others do not. The
outlines of how resistance genes spread within and between
species are now emerging. Detailed prospective
investigations which will correlate molecular epidemiology
with other data, will be needed for the understanding of
these changes.
I.g Occurrence of resistance in the normal environment
Surveys of antimicrobial rsesistance in remote
environments and populations before the introduction of
antibiotics have usually demonstrated a very low level of
resistance (Garder et al. 1969, Woods et al.1973, Burt
Woods 1976 Hughes Datta 1983 Smith 1967). It is
generally believed that some antibiotic-resistant bacteria
occur naturally in the environment but most arise by
contamination with human and animal excreta in sewage
slurry and manure and are associated with antibiotic use
(Linton 1986).
Most surveys of antibiotic resistance in bacteria
isolated from natural waters have been restricted to
organisms that are indicators of faecal pollution (Grabow
Prozesky Burger 1975; Niemi Sibakov Niemala 1983).
Jones (1986) attempted to determine whether aquatic bacteria
exhibited resistance to commonly used antibiotics and to
what extent the resistance was found in less polluted lakes
in remote situations. The incidence of antibiotic
Resistance in faecal and non-faecal bacteria isolated from
Windermere in the English Lake District (which is subject to
many sources of pollution) and from a sewage effluent being
discharge into the lake, was first determined. The
incidence of antibiotic resistance in the bacterial isolates
from Windermere was then compared with that observed in two
remote upland tarns. The preliminary survey of Windermere
showed that there was a higher incidence of resistance in
the bacteria isolated from the lake water than from the
sewage effluent discharging into the lake. This unexpected
result was followed by a more surprising finding that the
incidence of resistance was even higher in the bacterial
populations of the two upland tarns.
The results have important implications in the
examination of the spread of antibiotics into remote
environments, but it is difficult to explain these
observations. Linton and Richmond (1984) have argued
strongly that the synthesis of antibiotics in situ by
environmental organisms is unlikely to impose a significant
selective pressure for antibiotic-resistant strains in the
natural flora. Though it should be noted that there are few
quantitative data on the levels of undegraded antibiotics in
the environment or on the selective pressure imposed.
II Epidemiology of antibiotic resistance
Changes in susceptibility and the development of
acquired resistance among different species are a function
of the interaction of bacterial genomes (chromosomes
plasmids transposons) with specific antibiotic, host and
environmental factors (Lowbury Ayliffe 1974).
II.a antibiotics
Different antibiotics vary greatly in their capacity to
cause the emergence of resistant variants. For example, at
one extreme is streptomycin, to which a high degree of
resistance emerges readily in nearly all sensitive bacterial
species after exposure to the drug, and at the other is
4.
vancomycin, which has not induced resistance in Staph aureus
after some 20 years of use.
II.b bacteria
Different bacteria show large differences in their
capacity to produce antibiotic resistant variants. For
example, while Strep pyogenes and Treponema pa 11idum have
generally remained fully sensitive to penicillin, 90% or
more of hospital and community strains of StajDh aureus are
now resistant to penicillin, while most isolates were
sensitive when penicillin was first introduced in the
1940's.
II.c environment
The abundant use of antibiotics in the enclosed
environment of a hospital leads to the selection of
resistant strains which tend to displace the sensitive
organisms from carrier sites of patients and become
established as the hospital flora. The resistant strains
may or may not have an advantage in colonization and lateral
transfer causing nosocomial (hospital-acquired) infection,
but the elimination of the normal sensitive flora can
Produce opportunities for relatively non-competitive
multiplication of the resistant strains.
The antibiotic pressure within the hospital environment
Encourages the proliferation and spread of both inherently
r®sistant species such as Pseudomonoas spp. and also strains
with acquired resistance such as gentamicin-resistant E_.
coli and Klebsiella spp.
Ill Mechanisms of emergence of antibiotic resistance
Antibiotic resistant strains emerge by several
mechanisms including selection of a previously resistant
population, mutation of sensitive strains to give resistant
variants or the acquisition by previously sensitive strains
of resistance plasmids.
III.a selection of resistant population
The use of antibiotics creates a selective pressure
which tends to remove sensitive variants and favour the
growth and colonisation of resistant variants of the
same species. The presence of antibiotic resistant strains
in any situation is considered to be due to the selective
pressure of antibiotics (Levy, Clowes Koenig 1981).
Ill.b mutation
The genetic basis of antibiotic resistance in bacteria
has been extensively studied. Prior to 1943, two theories
were proposed to explain the origin of microbial resistance
to antibiotics. The mutation theory held that the resistant
cells developed by random spontaneous mutation independent
of the presence of the antibiotic. The adaptation theory
proposed that the resistant cells were the adaptive product
of interaction between the antibiotic and the organism. In
1943 the fluctuation test of Lauria and Delbruck provided
the first critical evidence supporting the mutation theory.
This was statistical in nature and indicated that resistant
strains were present in bacterial populations before
exposure to antibiotics and were therefore spontaneous
mutants. These statistical findings were strengthened by
the technique of indirect selection, which permitted the
isolation of resistant clones that had never been in contact
with an antibiotic and could not have arisen by adaptation.
This work established in the minds of many bacteriologists
the impression that all antibiotic resistances arose
spontaneously.
III.c Transferable resistance
Epidemiological observations on the changing pattern of
antibiotic resistances in Shigella strains revealed some
unusual features and suggested that mutation is not the only
mechanism of acquired resistance. In Japan most outbreaks of
dysentery in 1945 were caused by sulphonamide(Su) sensitive
Shigella species, and sulphonamide was widely used for
treatment. By 1952 more than 80% of the Shigella isolates
from such outbreaks were highly resistant to the drug. The
introduction, during the early 1950's, of the new
antibiotics streptomycin, chloramphenicol and tetracycline
solved the immediate problem of therapy. However, after
extensive use of these drugs, some resistant isolates
appeared. Initially such isolates showed resistance to only
one of the four drugs, but in 1956, one strain was isolated
which possessed resistance to all four drugs. By 1957 such
roultiple-resistant organisms were being isolated regularly
and by 1964 about 50% of isolates showed simultaneous high
level resistance to all four drugs. The development of
this resistance pattern cannot be explained solely in terms
f chromosomal mutation and selection since these are
statistically highly improbable events.
It was noted that both sensitive and multiple-resistant
strains would sometimes be isolated from the same patient.
These strains were of the same serotype and often the
multiple-resistant strains appeared during treatment with
only one drug. It was further noted that the same multiple-
resistance pattern appeared in other bacteria notably jj.
co 1 i, as well as in Shigella spp.
In 1959 two independent research teams (Akiba et al.
i960, Ochiai et al. 1959), presented results demonstrating
that these drug resistances could be transferred between
bacteria. Evidence soon acculumated to show that such
transfers could occur in the human gut between strains of E.
.gol i and Shigel la spp. Subsequently it was shown that this
Process was distinctly different from transduction or
tansformation. Mitsuhashi et al. (1960) and Watanabe (1963)
°onfirmed these findings and extended the work by
demonstrating that cell-to-cell contact was required, a
Process termed conjugation.
The factors that conferred antimicrobial resistance
on a bacterium were termed Resistance-factors or R-factors,
and it was established that some of these were transferable
between organisms. It was recognised early on that R-
factors were not always transferable by themselves, but
sometimes required an additional transfer-factor for
transmission.
It has been established that R-factors are genetic
elements usually coding for the production of drug-
destroying enzymes. Thus R-factors confer resistance on the
bacterium that contains them by allowing it to produce
enzymes that will destroy antimicrobials before the drugs
can destroy the cell. Since an enzymatic mechanism is
usually involved, these resistance are at very high level,
and since they are transferable, high-level and multiple
resistance can be acquired in a single transfer step.
By 1963 independent work in Europe had shown R factors
to be widespread in many different geographical regions and
they were recognized as presenting a potential global health
problem. Although chromosomal genes may be responsible for
increased antibiotic resistance in certain species,
resistance in most clinically-important pathogens and
especially in gram-negative organisms of hospital infection
ere commonly due to the spread of R-plasmids bearing genetic
resistant determinants. The serious implications for
medicine are obvious, since not only do R-factors render the
host cell resistant and multiply-resistant to antibacterial
drugs but they have the capacity to transfer and distribute
this resistance throughout the microbial flora.
III.c.l Plasmids
Pi asmids are extrachromosoma1 genetic elements that
replicate independently of the chromosome. They are double-
Qtranded, closed circular DNA molecules. Although the
Majority of the genetic material of plasmids is of uncertain
function, plasmids often contain genes coding for enzymes
that under certain circumstances are advantageous to the
tbacterial host. The R-factor genes coding for enzymatic
resistance were found to be carried on plasmids, and other
plasmids have been identified to carry transfer factor. The
term R-plasmid has thus came to be used for a transferable
element carrying drug resistance.
The origin of resistant determinants and R-plasmids is
not known, but two possible theories have been proposed.
Firstly, the R-determinants may be present already as
extrachromosa1 material consisting of partially destroyed
genomes or inactivate13 phages which are picked up by
transfer factors. Secondly, a chromosomal mutation.may
occur, leading to the emergence of resistance to a
particular antibiotic, and the relevant gene is then removed
from the chromosome by a transfer factor.
Although R-plasmids did not originate with antibiotic
use and they can persist in the absence of therapeutic
administration of antibiotics; the amount and practices of
drug use can dramatically affect the frequency,
transferability and the evolutionary composition of the
antibiotic resistance-specifying genes located on plasmids.
Factors that may maintain antibiotics resistance plasmids in
hospital environment include antibiotic-related selection
pressures; ecological advantages of strains containing the
R-factors; wide host ranges of some R-factors and proximity
to niches where high rates of direct or indirect bacterial
exchange occur (e.g. large intestines and infected urinary
tracts).
III.c.2 Transposons
Transposons are DNA sequences capable of transferring
(transposing) themselves from one DNA molecule(the donor) to
another(the recipient). Transposons are not able to
replicate independently. They must therefore be maintained
as part of a functional replicon. Plasmids and other
extrachromosoma1 elements are frequent vectors of
transposons. The existence of resistance transposons
Provides an explanation for' the emergence of multiply-
resistant bacteria. Transposons do not require extensive
DNA homology in order to insert into a target molecule. It
is therefore possible for bacteria to acquire many different
resistance genes by a series of tandem transposon insertions
into non-essential sites on resident plasmids. The
characteristic clustering of resistance determinants in
particular regions of some plasmid molecules provides
evidence for such an evolutionary mechanism (Broda 1979).
III.e.3 Gene transfer mechanisms
The ability of resistance genes to be shuffled between
bacterial species is important for the evolution of
resistant bacteria. Bacteria can possess three natural
mechanisms for gene transfer: conjugation transformation
and transduction.
Conjugation is a process requiring cell-to-cell contact
during which DNA is transferred from a donor bacterium to a
recipient. The ability to conjugate is normally encoded by
conjugative plasmids or less commonly by conjugative
transposons. Such molecules determine the production of sex
pili which are necessary for establishing and maintaining
cell-to-cell contact and the ability to mobilize DNA for
transfer to recipients. Conjugation is probably significant
in the dissemination of resistance genes among bacteria that
are normally found at high population density and hence are
likely to come into frequent cellular contact with each
other. It is hardly surprising therefore that both
conjugative and mobilizable non-conjugative plasmids should
be so common amongst the Enterobacteriaceae. Conjugative
transfer of R plasmids between strains of co 1 i has been
demonstrated in the intestines of both humans and animals
but at low frequencies (Smith, 1969). The poor
transferability of certain conjugative plasmids has been•
attributed to the unfavourable anaerobic conditions of the
gut or to inhibitory effects of the intestinal microflora.
Recent experimental and mathematical models of transfer
have, however, indicated that there is.no apparent
inhibition of conjugation in the gut. The low frequencies
of transfer reported are apparently due simply to using
insufficiently sensitive assays to detect transconjugants.
Whatever the frequency of conjugation in the gut,
enterobacteria are presented with numerous opportunities for
extra-intestinal transfer of R-plasmids (for example in
sewage) which may also be significant in the spread of
resistance.
Transformation is a process by which bacteria are able
to take up naked DNA and incorporate it into their genome.
The process occurs naturally in some species but must be
induced by artificial treatments in others. Transduction is
the transfer of genes by bacteriophage particles. The
process can only occur between donor and recipient bacteria
that share appropriate cell surface receptors for the
transducing phage.
XV Gentamicin resistance
The name 'aminoglycosides' is well established but
their structure requires that properly they should be
described as' aminog 1ycos idic aminocyc1ito 1s'. The
therapeutically important members of the group are typified
by the presence of aminosugars glycosidically linked (hence
the name 'aminoglycoside') to aminocyclitols.
Aminoglycosidies are characteristically active against
a wide range of gram-negative bacilli including
the Enterobacteriaceae and many non-lactose fermenting
organisms and are also active against Staph aureus. This
class of compounds was divided into two groups according to
whether the contained aminocyc1itol is streptidine (or a
close relative) or deoxystreptamine. The first group
contains streptomycin and its derivatives. The second group
consists of compounds that contain 2-deoxystreptamine. This
group is further subdivided: 46-substituted 2-
deoxystreptamine compounds include gentamicin tobramycin
kanamycin and amikacin; 45-substituted compounds include
neomycin butirosin and lividomycin.
IV.a Resistance mechanisms
Aminoglycosides owe their antibacterial activity to
their ability to interfere with protein synthesis by binding
to the bacterial ribosomes (Gale et al. 1972). In order
for them to be effective, it is necessary for the compounds
to penetrate the cell envelope to reach the ribosomes. This
process is not simply one of passive diffusion. The uptake
of aminoglycosides occurs in three phases.
phase I: There is an initial energy-independent binding of
the compounds to the exterior of the cell.
phase II: Energy-dependent phase I in which aminoglycosides
associate with membrane 'transporters' on the basis of their
positive electric charge and are driven across the
cytoplasmic membrane by the electrical potential difference
which is negative on the interior of the membrane. The
nature of the 'transporters' is not certain.
phase III: Energy-dependent phase II starts after
aminoglycosides have bound to ribosomes and may be related
to the increased membrane potential associated with loss of
potassium ions (Bryan Van Den Elzen 1975 1976 1977;
Bryan et al. 1980).
Resistance to aminoglycosides occurs in three ways:
ribosomal resistance 'impermeability' and inactivation by
aminoglycoside-modifying enzymes (Shannon Phillips 1982
1984).
IV.a.l Ribosomal resistance
Mutations may occur in genes coding for ribosomal
proteins resulting in the drugs being unable to attach to
ribosomes. The best known of these mutations occur at the
strA locus and confer a high degree of resistance to
streptomycin. Mutations to resistance to other
aminoglycosides generally are located on the bacterial
chromosome near strA but ribosomal cross resistance between
these compounds and streptomycin is not found. Ribosomal
resistance to aminoglycosides other than streptomycin is
fI
usually not found in clinical isolates (Price, Godfrey
Kawaguchi 1974, 1977).
IV.a.2 Impermeability
Resistance to aminoglycosides can involve diminished
uptake of the compound in energy-dependent phase I. It is
convenient, though perhaps inaccurate, to describe this type
of resistance as 'impermeability' or' non-enzymic'
resistance.
IV.a.3 Inactivation
Aminoglycosides can be inactivated by aminoglycoside-
modifying enzymes so that they are less effective at
inhibiting protein synthesis. Aminog1ycoside-modifying
enzymes are almost always piasmid-determined (Davies
Smith 1978). Consequently, resistance due to the production
of such enzymes is usually transferable, in contrast to
'impermeability' resistance which is not transferable.
Aminoglycosides are inactivated by modification at
various sites. Three classes of aminoglycoside-modifying
enzymes are known: O-phosphotransferases (APH), 0-
nucleotidyltransferases (ANT) or adenylytransferases (AAD),
and N-acetyltransferases (AAC) (Shannon Phillips 1982).
IV.b epidemiology of gentamicin-resistant nosocomial
infection
The use of new antimicrobial drugs, to which resistance
is initially unusual, provides an opportunity to study the
evolution of bacterial resistance. Gentamicin resistance has
provided a particularly useful model for studying antibiotic
resistance outbreaks, since the drug was not introduced into
clinical practice until the late 1960s and most gram-
negative rods were initially susceptible, leading to
widespread use. By the mid-1970's, reports from all across
the United States, from England, and from Australia
documented increases in aminoglycosiude resistance due to
the spread of specific plasmids in large medical centres
(Knight Casewell 1981, Rubens et al. 1981, Tompkins,
Plorde Falkow 1980).
In 1974 and 1975, nine different gentamicin-resistant
serobiotypes of Klebsiella were isolated in a single
hospitalfrom 35 patients by Rennie and Duncan (1976). The
first strain to appear had R-factor-mediated gentamicin
resistance, and it infected 19 patients during a period of
almost two years, spreading largely by case-to-case
infection in patients with urinary catheters.
An abrupt increase in gentamicin-resistant isolates was
noted in the Manhattan Veterans Administration Hospital in
1973 and 1974 by Richmond et al. (1975). Bacteraemia
occurred in 17 patients, 9 of whom died. R-factors
mediating gentamicin resistance were demonstrated in 34 of
36 strains. Organisms from 9 of 11 patients transferred a
resistance pattern common to all other isolates from that
patient, suggesting in-vivo interbacterial spread of the R-
factor.
IV.b.l Single and multiple species outbreaks of antibiotic
resistance
Outbreaks with aminoglycoside-resistant organisms have
Usually began with Klebsiella pneumoniae, or less commonly
Serratia marcescens, with subsequent spread of resistance
determinants to other strains of the species and then to
other Enterobacteriaceae. Occasionally the same plasmid
has spread to non-lactose fermenters such as Pseudomonas
aeruginosa. These outbreaks have usually occurred in
intensive care units, or wards where patients tend to stay
for long periods of time and undergo multiple invasive
procedures (such as urological or neurological services).
K. pneumoniae is also the most common source of single
species outbreaks. Sequential outbreaks of aminoglycoside
resistant pneumoniae have been shown to be due to the
incursion of different plasmids (O'Callaghan et al. 1978) or
the resurgence of the same plasmid (Markowitz et al. 1980).
V Purpose of the study
The previous literature review shows that it is widely
believed that increasing antibiotic usage is associated with
increasing antimicrobial resistance in clinical isolates of
previously sensitive species. The emergence of resistance
in clinical isolates is often associated with the
dissemination of transferable resistance plasmids, and they
involve several different species in a hospital.
However, hospital-based studies of clinical isolates
are complicated by the selection of specimens sent for
culture and the possibility of multiplication by cross-
infection. An alternative potentially less biased sampling
method for the assessment of antibiotic usage on
environmental bacteria, is to analyse hospital sewage.
Sewage bacteria presumably reflect the normal stool flora of
hospital patients and staff. The opening of the new Prince
of Wales Hospital has provided an opportunity to assess the4I
effect of increasing hospital usage of antibiotics on
antimicrobial resistance in hospital sewage bacteria.
The present study attempted to investigate such changes
by studying the composition of pooled sewage from hospital
and domestic sites. The Prince of Wales Hospital (PWH) is a
new hospital with a staged opening policy that began in
May 1984. That is to say the hospital opened in May 1984
with a limited number of beds, and the number of patient-
admissions increased gradually over the following two years.
We were thus provided with a unique experimental situation
where antibiotic consumption increased over the first two
years, making possible observations of the effect of
increasing antibiotic pressure on hospital sewage over a
time period. The result could be compared with antimicrobial
resistance in sewage from Shatin new town where presumably
such a striking increase in antibiotic pressure did not
occur. The new town Shatin was particularly well suited for
such a comparative study, because it was possible to obtain
sewage samples from a relatively circumscribed locality.
Repeated samples were taken from the final common
sewage outflow from the Prince of Wales Hospital, and from
the point where the pooled Shatin sewage entered the Shatin
sewage-treatment plants. By examining the bacterial content,
antimicrobial resistance, species types and the incidence
and characters of the R-plasmids and their transferability
of the sewage from these two sites; we attempted to
determine the epidemiology of antibiotic resistance in
response to increasing antibiotic usage in a hospital over a
period of time.
This study set out to answer the following questions;
(1) Are there differences in the distribution of microbial
species of hospital and city sewage?
(2) Are there differences in antimicrobial resistance in the
sewage flora at these two sites?
(3) Are there differences in the determinants of this
resistance?
(4) is the increasing use of antibiotics in a new hospital
Associated with increasing resistance and multiple
resistance in hospital sewage bacteria? If there is an
increase in resistance, is this directly related to
antibiotic use?
(5) what relationship is there between sewage bacterial
resistance and the isolation of resistant clinical bacteria
from patients (with particular reference to gentamicin-
resistance)?
(6) can we conclude that increasing hospital usage of
antibiotics is directly and inevitably associated with




Standard E. co_l_i strains as controls for sensitivity
testing and donors in conjugation test were as follows:
Jp995 derived from 13. coli K12 F~ prototrophic resistant
to rifampicin. 14R525 derived from E ££_li. kl2 F,
prototrophic resistant to nalidixic acid.
E. £oli strains each carrying a plasmid for gel
electrophoretic standards of molecular weights were as
follows (molecular weight in megadaltons in brackets):
40 R268(64.0) 34R193(31.7) 40R448(7 7.6), 40R646(37.8),
48R623(20.2), 28R823(143.7), 40R660(25.9). Two strains
carry the fertility factor: 48R626(X); RT641 (A).
Bacterial strains were obtained from Dr. B. Rowe,
Division of Enteric Pathogens Central Public Health
Laboratory Colindale UK.
II Chemicals and reagents
II.a sensitivity testing
Ampicillin tetracycline, chloramphenicol, gentamicin
sulfamethoxazole, trimethoprim, nalidixic acid am
rifampicin were purchased from Sigma Chemical Co., St
Louis, USA. Cefoperazone was from Pfizer, Cefotaxime fro
Hoechst, cefuroxime and ceftazidime from Glaxo Grou
Research Ltd., Greenford, England. MacConkey agar (withou
salt), Muel1er-Hinton agar, Isosensitest agar and nutien
broth were purchased from Oxoid, England.
II.b Dlasmid studies
The lysing solution contained 3% sodium dodecyl
sulphate (SDS) [Sigma, St. Louis, USA] and 50mM Tris[ BDH'
chemicals Ltd., Poole, England], the solution was adjusted
to pHl2.6 by adding 1.6ml of 2N NaOH [BDH Chemicals Ltd.,
Poole, England]. The Tris-borate buffer contained 0.089M
Tris [BDH Chemicals Ltd., Poole, England], 0.002M
ethylenediamine tetraacetic acid (EDTA) disodium salt
[Sigma, St. Louis, USA] and 0.089M boric acid [Merck,
Darmstadt] at pH8.3. The tracking dye contained 0.07%
bromophenol blue and 7% SDS (Sigma St. Louis, USA) and
33.0% glycerol [Merck, Darmstadt] in Tris-borate buffer.
Agarose type Is low EEO and ethidium bromide were purchased
from Sigma Chemical Company, St. Louis, USA. Liquefied
phenol [Mai linckrodt, Inc., Paris, Kentucky] was mixed with
chloroform [E. Merck, Darmstadt] in 1:1 volume ratio.
Ill Collection of sewage samples
From May, 1984 to Nov, 1986; a programme of sewage
sampling was scheduled. At three-monthly intervals, sewage
samples were collected via a sampling port from the final
common sewage outflow from the Prince of Wales Hospital
(PWH) and from the point where the pooled Shatin city sewage
enters the Shatin Water Treatment Plant. The types of inflow
include soil and waste (faeces, sink water, bath water) in
hospital sewage, and domestic and industrial in city sewage.
At least four samples were taken from each site over a
period of two weeks. A well-cleaned bucket was lowered into
the sewage plant or the manhole to collect a sample which
was then poured into a sterile 500ml bottle. The bottle was
then tightly screw-capped and immediately transported to the
laboratory on ice.
IV Isolation of bacteria
Viable sewage bacterial counts and the proportion of
sewage bacteria resistant to various antibiotics were
performed on each sewage sample. Ten-fold serial dilutions
of 10~® 10~ 10 and 10-3 0f sewage sample were made
in 0.9% sterile saline. A standard volume of each dilution
was then plated by hand or using a spiral plater [Spiral
Systems Inc., Ohio, USA] on duplicate plates of seven media
to isolate single colonies. These plates were plain
MacConkey agar, MacConkey agar containing ampicillin
(25mgl) cefuroxime (64mgl) chloramphenicol (20mgl),
gentamicin (8mgl) amikacin (32mgl); and isosensitest agar
with trimethoprim (8mgl). The plates were incubated at 37°C 4.
in air overnight and the number of colonies growing on
appropriate plain MacConkey plates were counted to give the
total sewage bacterial concentration in cfuml. The
percentage of resistant strains to each antibiotic was
calculated from the proportion of bacteria growing or
MacConkey agar containing antibiotic compared with the total
sewage bacterial count on plain MacConkey agar.
For each sewage sample, at least 50 isolated colonies
were randomly picked from each medium and tested for
sensitivity to 15 antibiotics by method 3. For the first
seven sampling periods, multiply-antibiotic-resistant
bacteria were randomly picked and identified by method 1.
Only those organisms showing typical reactions of co 1 i
anc Klebsie 1 la species were further identified by method 2.
For the last three sampling periods, only colonies
originally isolated from MacConkey with gentamicin plates
and plain MacConkey plates were randomly picked and
identified by method 2. This was to obtain the number and
types of species present in sewage and the number and types
°f gentamicin resistant species present in sewage.
V Bacterial identification
Method 1: Isolates were tested for motility, the
production of oxidase, indole and acetoin, the utilisation
of citrate, and reactivity in the methyl-red test (Cowan
1974).
Method 2: Identification was performed by the Microbact
24E system [Disposable Products Pty. Ltd., Ridleyton, S.
Australia]. This is a standardised micro-substrate system
performed in the wells of microtitre trays and designed to
simulate conventional substrates used for the identification
of Enterobacteriaceae and common miscellaneous gram-negative
bacteria. Biotypes were identified according to the code
numbers in this system.
VI Antibiotic susceptibility test
Method 3: Each colony to be tested was inoculated into
3ml nutrient broth and incubated at 37°C for three to four
hours to match the turbidity of a MacFarland 0.5 standard
(giving a bacterial concentration of approximately 1.5X108
cfuml). A ten-fold dilution was made and the suspension
used to test the organism susceptibility tol5 different
antibiotics by the agar-di1ution method using the MIC2000
system [Dynatec Laboratories, Alexandra, USA] (Gavan and
Barry, 1980). The inoculator delivered an inoculum of
approximately 10 cells per well. The resistance
breakpoints for different antibiotics were as follows: 4
Mueller-Hinton agar with ampicillin (25mgL), streptomycin
(20mgL), tetracycline (10mgL), chloramphenicol (20mgL),
kanamycin (10mgL), gentamicin (4mgL), amikacin (20mgL),
cefuroxime (16mgL), cefoperazone (16mgL), cefotaxime
•1
(16mgL), ceftazidime (16mgL), rifampicin (25mgL) and
nalidixic acid (25mgL); Isosensitest agar with trimethoprim
(2mgL) and su1famethoxa1e (100mgL). Growth on the
inoculation spot, indicated that the organism was resistant
to the antibiotic in the plate. Most of the concentrations
chosen were such that resistance, if present, would most
probably be plasmid-mediated.
VII Conjugation tests
Conjugation experiments were performed on 44
Escherichia coli strains and 15 Klebsiella following
the method of Anderson and Lewis (1965). Escherichia coli
strains Jp995 (rifampicin-resistant) and 14R525 (nalidixic
acid-resistant) were used as the recipient strains and
gentamicin-resistant sewage isolates of Escherichia coli or
Klebsiella species as donor strains. Strain Jp995 or 14R525
and the donor strains were cultured to late mid-exponential
growth phase in 3ml nutrient broth at 37°C. The donor
culture and recipient culture were mixed in 1:1 volume ratio
and then separated evenly into two parts. One aliquot was
incubated at 28°C and the other at 37°C in air overnight.
Final selection for transconjugants was made by plating a
fixed volume of the 10, 10, 10, 10~® dilutions of
conjugation mixtures onto MacConkey agar containing
rifampicin (when JP995 was used as recipient) or nalixidic
acid (when 14R525 was used as recipient) and an appropriate
antibiotic to which the donor is resistant. The transfer
frequency was taken as the number of transconjugants per
recipient cell. Ten colonies from each selective plate were
tested for sensitivity to the antibiotics to which the
respective donors were resistant by method 3.
VIII DNA extraction
Plasmid DNA was extracted by a rapid extraction method
(Kado Liu 1981). Escherichia coli strains each harbouring
a standard R-plasmid were used as the standards
for molecular weights. The method utilized the molecular
characteristics of covalently closed circular
deoxyribonucleic acid (DNA) that is released from cells
under conditions that denature chromosomal DNA by using
alkaline sodium dodecyl sulfate (pHl2.6) at elevated
temperatures. Protein and cell debris were removed by
extraction with phenol-chloroform. Under these conditions
chromosomal DNA concentrations were reduced or eliminated.
The clarified extract was used directly for electrophoretic
analysis.
The cultures to be tested were first streaked on
nutrient agar plates and allowed to grow at 37°C overnight.
After incubation cells were scraped off from the agar
surface with a wire-loop and suspended in 100ul of lysing
solution in a 750-ul Eppendorf microcentrifuge tube. The
lysate was then .incubated in a water-bath at 55°C for 60
minutes, followed by extraction with an equal volume of
phenol-chloroform solution. After centrifugation in an
Eppendorf microcentrifuge [MSE Microcentaur 13,000rpm] for 5
min, 20ul of aqueous phase was mixed with 5ul of tracking
dye and then ready for electrophoresis.
IX Gel electrophoresis
Agarose gel electrophoresis was performed with either
0.7% or 1.0% agarose depending on whether whole plasmids or
fragments of plasmid DNA were to be resolved. Agarose was
melted in Tris-borate buffer. All electrophoresis was
performed by a vertical apparatus [The Bio-Rad Protean II
slab cell model] and carried out at 10Vcm for about two
hours. The gel (3mm thick) was stained with 0.5-ug of
ethidium bromide per ml for 30 minutes. Photographs were
taken of gels positioned over a shortwave UV light source.
Polaroid T667 film was used, exposed through a red filter.
Plasmid profile analysis was performed on all
gentamicin-resistant Escherichia coli and Klebsiella species
isolated from sampling periods one to nine.
Miscellaneous
The amount of antibiotics used in the hospital was
provided monthly by the pharmacy. Patient turnover is
conveniently measured as the number of discharges and deaths
each month. For convenience; this will be referred to in
this thesis as the number of 'admissions'. The incidence of
gentamicin-resistant gram-negative bacilli in the hospital
was provided by the Infection Control Unit which compiles
prospective computerised records of such infections.
RESULTS
The results reported here are limited to aerobic, gram-
negative bacilli, capable of growing on MacConkey agar. Not
all organisms were identified, but they comprise members of
the Enterobacteriaceae and Pseudomonas species. These
organisms will be referred to as sewage bacteria
throughout this paper. The two sources of sewage samples
are referred to as hospital and city. The period of
study was from May, 1984 to November, 1986.
I Viable counts of coliform bacteria in sewage
Table 1 shows the viable sewage bacterial counts at
different sampling times for hospital and city sewage.
Figure 1 presents these data in a graphical form. The
sewage bacterial concentrations were fairly consistent in
all samples from the same source even at different seasons.
However mean viable sewage bacterial counts of hospital
sewage (ranging from 1.02xl05 to 5.48xl05 cfuml) were
consistently lower than those from city sewage (ranging from
0.83x10 to 2.79x10 cfuml) and significantly different by
t-test (P=0.000). The mean total viable count in hospital
sewage was 2.69x10 cfuml while that of city sewage was
i
1.47x10 cfuml.
(Table 1. Mean viable sewage bacterial concentration in hospital and city
sewage at different sampling periods
( A) Hn=trri1Pl•

















































Aver 3.81 2.59 2.07 2.04 3.43 1.02 5.48 1.20 3.83 1.42 2.69
(B) City sewage:
Mean viable sewage bacterial count X10 cfuml




1.50 0.89 1.58 0.67 4.30 0.83 0.58 1.76 2.60 0.38
1.07 0.72 1.00 0.70 2.28 0.83 3.42 1.64 2.05 0.40
0.65 1.40 1.64 2.48 1.80 0.94 1.06 1.75 3.13 1.18
1.20 0.46 1.41 1.50- 0.73 1.74 0.59 2.18-
Aver 1.18 0.87 1.41 1.34 2.79 0.83 1.70 1.44 2.49 0.65 1.47
Viable sewage bacterial count was taken as the number of aerobic,
gram-negative bacillary colonies per ml growing on plain MacConkey
For each sampling period, four sewage samples were taken within two
weeks. Some invalid data(-) had been discarded.
II Changing pattern of antibiotic resistance
The total viable counts of sewage bacteria growing on
MacConkey agar and six antibiotic-containing agars at
different sampling times are given in appendix lA(hospital
sewage) and lB(city sewage) and the mean values are given in
appdendix 2A(hospital sewage) and 2B(city sewage). Appendix
3A(hospital sewage) and 3B(city sewage) show these results
expressed as the percentage resistance to the six
antibiotics at different sampling times.
II.a mean percentage resistance
Table 2 shows the mean percentage resistance to the six
antibiotics at different sampling periods derived from
appendix 3A and 3B. Figure 2 presents these data in a
graphical form.
it
Table 2. Mean percentage resistance to six antibiotics of hospital and city




























































































































































































































































Avsraqe 1469687 44.79 5.10 3.85 11.67 3.08 0.23
Mean percentage resistance to each antibiotic (concentration in mgL in
brackets) was calculated from the ratio of the mean cfuml growing on
MacConkey agar containing the respective antibiotic compared to the
mean cfuml on plain MacConkey agar.
II.b variations of mean percentage resistance with time
There were considerable fluctuations in the mean
percentage resistance with time which can be summarised as
follows:
1) Resistance to ampicillin
Hospital sewage: The percentage of resistant strains in the
initial sample taken before the hospital was functional was
45% and remained at this level during the first four months.
The percentage of resistant strains rose sharply to 72% at
the seventh month. There was then a sharp decline to 42%
but the proportion of resistant strains again rose to a
maximum of 87% after 16 months, and then fell to 68% in the
final sampling period.
City sewage: The percentage of resistant strains was 25% in
the initial sample and rose gradually to 49% during the
first 13 months, followed by a sharp increase to a maximum
of 80% in the Aug, 1985 sample. It then fell sharply to 39%
and remained at this level throughout the study except for a
moderate increase to 55% in the May, 1986 sample.
2) Resistance to chloramphenicol
Hospital sewage: The percentage of resistant strains in the
initial sample was 4% and rose gradually to 9% during the
first seven months. There was than a sharp increase to a
maximum of 34% in the May, 1985 sample. After that, it fell
gradually to 7% in the final sample.
City sewage: The percentage of resistant strains in the
initial sample was 4% and remained less than 8% with slight
fluctuations.
3) Resistance to gentamicin
Hospital sewage: The percentage of resistant strains in the
initial sample was 1%. It rose sharply to 26% during the
first seven months, remained at this level for several
months and then fell gradually to reach 15% in the May, 1985
sample and remained at this level except for a moderate
increase to 23% in the March, 1986 sample.
City sewage: The percentage of resistant strains in the
initial sample was 2% and rose to a maximum of 14% during
the first eleven months. There was then a sharp decline to
3% and remained at this level throughout the study.
4) Resistance to trimethoprim
Hospital sewage: The percentage of resistant strains in the
initial smaple was 8% and rose sharply to a maximum of 27%
during the first four months and remained at this level for
seven months. There was then a sharp decline to 10% and
again rose to a maximum of 28% in the May, 1986 sample and
fell to 13% in the final sample.
City sewage: The percentage of resistant strains was 2% in
the initial sample and rose to 12% during the first seven
months. It fell gradually to 7% and again rose to a maximum
of 26% in the March, 1986 sample. It fell to 13% in the final
sample.
5) Resistance to cefuroxime
Hospital sewage: The percentage of resistant strains in the
9
initial sample was 2% and remained less than 10%. However,
there were two peaks at 12% and 15% in the August, 1985
sample and March, 1986 sample respectively.
City sewage: .The percentage of resistant strains was 2% in
the initial sample and rose to 7% during the first four
months. It then fell to 2% and remained at this level
throughout the study.
6) Resistance to amikacin
Hospital sewage: The percentage of resistant strains in the
initial sample was 0.01% and remained less than 1% except
for two small increases to 2% and 8% in the Nov, 1985 sample
and Aug, 1986 sample respectively.
City sewage: The percentage of resistant strains was-0.05%
in the initial sample and remained less than 1% throughout
the study.
In summary, there was a dramatic increase in the
percentage resistance to the six antibiotics in hospital
sewage during the first two sampling periods, after which
the value fluctuated or levelled off. In' contrast, the
percentage resistance to amikacin, gentamicin, cefuroxime
and chloramphenicol remained fairly constant throughout the
study in city sewage while the percentage resistance to
ampicillin and trimethoprim increased dramatically and with
considerable fluctuations.
Simple linear regression analysis was performed to see
the relationship between the percentage resistance and time
for each site respectively. The result is shown in Table 3.
There was no significant linear correlation between the
percentage resistances and time since hospital opening. The
R-squared value for ampicillin chloramphenicol, gentamicin,
trimethoprim, cefuroxime and amikacin was 0.01, 0.00, 0.01,
0.00, 0.03, 0.00 in hospital sewage and 0.09, 0.02, 0.01,
0.14, 0.00, 0.05 in city sewage.























II.c variations of mean percentage resistance with source
For each antibiotic a t-test was carried out to
compare the difference in the percentage resistance between
hospital and city sewage. The result is shown in Table 4.
There was a significant difference between the two sites for
Assistance to ampicillin (P=0.003), gentamicin (P=0.000)
trimethoprim (P=0.023); cefuroxime (P=0.000) and amikacin
(p==0.016) but not for chloramphenicol (P=0.055).
The percentage resistance in city sewage was generally
I°w except for resistance to ampicillin which ranged from
5% to 80% with a mean of 45%. The proportion of resistance
t° ampicillin gentamicin trimethoprim cefuroxime and
amikacin was higher in hospital sewage than in city sewage
with ranges of 42-87% 1-27% 8-28% 2-15% 0-8% and mean
Vlues of 59% 16% 19% 8% and 1% respectively for hospital
SeWage; and ranges of 25%-80% 1-14% 2-26% 2-7% 0-1% and
values of 45% 4% 12% 3% and 0.2% respectively for•
cu
CY sewage. Resistance to chloramphenicol fluctuated
ihin wide limits for hopsital sewage and vlaues from the
two sites were not significantly different.
Table 4. T-test for the difference in percentage




















Ill Consumption of antibiotics
Table 5 shows the amount of monthly consumption of the
six antibiotics in the Prince of Wales Hospital provided by
the pharmacy. Fig. 3 presents these data in a graphical
form. Appendix 4 shows the amount of monthly consumption of
11 antibiotics in the Prince of Wales Hospital.
The consumption of ampicillin, gentamicin, amikacin,
co-trimoxazole and cefuroxime generally showed a steady
increase with time. The consumption of chloramphenicol
fluctuated considerately, since this drug is only used
intermittently, usually for enteric fever and meningitis.
Ampicillin was the most heavily used antibiotic,
followed by cefuroxime and gentamicin. Amikacin (a reserved
drug) and cotrimoxazole were not frequently used.





Antibiotic doses (amount in mg per dose)
Amp Cm Gent Ak Sxt Cxm




























































































































































































































































Tota] 120641 2500 50489 4234 3982 60583
Abbreviations used: ampicillin (Amp), chloramphenicol (Cm),
cotrimoxazole (Sxt, 400mg sulfamethoxazole+ 80mg
trimethoprim), gentamicin (Gent), amikacin (Ak), cefuroxime
(Cxm). All antibiotics are in injectionable forms except
for chloramphenicol and cotrimoxazole.
IV Patient admissions
The number of patients admitted was defined as the sum
of patient discharges and deaths. Table 6 shows the number
of patients admitted to the Prince of Wales Hospital monthly
from April, 1984 to November, 1986. Figure 4 presents these
data in a graphical form.
The Prince of Wales Hospital opened in May, 1984. The
number of patients admitted increased sharply from zero in
April, 1984 to 2006 six months later in October, 1984. Then
the increase was much more gradual, with slight
fluctuations. By October, 1985, the admission rate had
reached 3800 per month, and by October, 1986, 4800. In
November, 1986, the last month of the study, the number.of
patients admitted was 4724.









































































































The number of patients admitted is the sum of
patient discharges and deaths
V Gentamicin resistant gram-negative bacilli isolated clinically
Table 7 shows the of monthly incidence of gentamicin-
resistant gram-negative bacilli isolated from specimens that
were sent to the laboratory in the Prince of Wales Hospital.
This information is provided by the Infection Control Unit,
PWH• Figure 5 presents these data in graphical form.
The number of gentamicin-resistant gram-negative
bacilli increased gradually from two in May, 1984 to 103 in
October, 1985. After that, the number of isolates levelled
off, but there were considerable fluctuations. Escherichia
coli (744) was the most common gentamicin-resistant species
followed by Acinetobacter (349), Klebsiella (265),
Pseudomonas (170) and Enterobacter (151).
Table 7. Gentamicin-resistant gram-negative bacilli isolated













































































































































































































































































































































Ratio of genatmicin-resistant gram-negative isolates to the number of
patient admissions.
VI Multiple resistances of sewage bacteria
The incidence of multiply-antibiotic-resistance in
sewage are given in appendix 5A(hospital sewage) and 5B(city
sewage) and the percentage rates in appendix 6A(hospital
sewage) and 6B(city sewage). Figure 6 presents these data
in a graphical form. There was a significant difference (by
t-test, P=0.000) in the number of resistances of sewage
organisms in hospital and city sewage.
The number and proportion of multiply-resistant
organisms increased significantly in hospital sewage with
time. In contrast the changes in city sewage were of a
lesser degree.
1) Sensitive organisms
The percentage of sensitive organisms ranged from 0% to
3.5%, 1% to 8.9% and mean values of 1.6%, 3.7% in hospital
sewage and city sewage respectively.
2) Resistance to one antibiotic
For hospital sewage: The percentage of organisms resistant
to one antibiotic decreased sharply from 31.5% in the
initial sample to 7.5% during the first four months. It
then fluctuated at this level throughout the study with a
mean value of 8.5%.
For city sewage: The percentage of organisms resistant to
one antibiotic was 7.7% in the initial sample. It ranged
from 1.5% to 12.3% with a mean value of 5.9%.
3) Resistance to five or more antibiotics
For hospital sewage: There was a sharp increase from 22% in
the initial sample to 66% during the first four months. The
increase was then much more gradual and rose to a maximum of
85% in the March, 1986 sample. The mean value was 68%.
For city sewage: There was a slight increase from 47% in the
initial sample to 56% during the first four months. After
that, it fluctuated at this level throughout the study with
a mean value at 59%.
Table 8 shows the mean number of resistances of sewage
bacteria at different sampling periods. Figure 6 presents
these data in a graphical form.
There was a significant increase in the mean number of
resistances in hospital sewage compared to the relatively
small increase in city sewage. For hospital sewage: The
mean number of resistances increased sharply from 3.0 in the
initial sample to 5.0 during the first four months. After
that the increase was much more gradual and rose to a
maximum of 6.3 in the March, 1986 sample. For city sewage:
The mean number of resistances increased gradually from 4.1
in the initial sample to 5.3 during the first 11 months.
After that, the value remained fairly constant.
The overall average number of antibiotics to which the
sewage bacteria were resistant to was 5.5 in hospital sewage
and 4.9 in city sewage.

























































Mean number of resistance is the mean number of antibiotics
to which sewage bacteria were resistant to
VII Identity of sewage bacteria
VII.a sampling periods one to seven
475 multiple-antibiotic-resistant colonies were
randomly picked from isolates growing on the six antibiotic-
containing media and identified by method 1. Only those
organisms showing typical oxidase and IMViC reactions of E_.
coli, Klebsiella and Enterobacter were further identified by
method 2. Isolates on plain MacConkey agar plates were not
picked for identification.
The number and percentage of species of these 475
multiply-resistant-resistant sewage bacteria is given in
Table 9. coli was the commonest organism, followed by
Klebsiella and Enterobacter (The percentages of species were
11.2%, 9.6%, 5.0% for hospital sewage and 36.3%, 2.8%, 1.4%
for city sewage for each species respectively.)
ITable 9. Number and percentage of species of multiply-resistant
sewage bacteria isolated on the six antibiotic-
containing media for sampling periods 1-7
(A} Hosnital spwaae:










































Test-rJ 18 61 35 72 17 33 24 260
(Rl Qt.T 3.
Number (percentage) of species
Ma} Auc Mm Mai
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T'c o. 4- 3
37 49 29 35 16 30 21 21
VII.b sampling periods eight to ten
541 colonies were randomly picked from plain MacConkey
agar plates and identified by method 2. The results are
given in Table 10 and show the predominant types of sewage
bacteria in hospital and city sewage. For city sewage, the
order of frequency of different species were fairly
consistent between the three samples. Of 248 isolates
tested, coli (40.7%) was the commonest organism, followed
by Klebsiella (11.7%) and Enterobacter (10.9%). This
distribution was similar to that of normal human bowel
flora. For hospital sewage, 293 isolates were tested. The
frequency of different species varied between the three
sampling periods: there was a markedly high percentage of
?itrobacter in the May, 86 sample and of Klebsiella in the
November, 86 sample.
The samples numbers were rather small, and it is
difficult to draw conclusions from these figures. However,
f the total organisms are compared, Table 10 shows that
hospital sewage contained proportionally more Klebsiella and
Citrobacter and less coli than city sewage.
Table 10.Number and percentage of species of sewage bacteria
isolated on plain MacConkey agar plates for sampling
periods 8-10
(A) Hospital sewage:
Number (percentage) of species


















































































Tested 42 93 158 293
(B) City sewage:
Number (percentage) of species


















































































Tested 42 114 92 246
VIII Antibiotic resistance of sewage bacteria isolated on
plain MacConkey agar plates
VIII.a for sampling periods eight to ten
513 colonies were randomly picked from plain MacConkey
agar plates and tested for sensitivity by method 3. The
number of resistances in these 513 sewage organisms is given
in Table 11. There was a significantly higher number of
antibiotic-resistances in organisms of hospital sewage than
in city sewage (By t-test P=0.000).
Multiply-resistant organisms were detected in all
samples but were more numerous in hospital sewage (63.7%)
than in city sewage (54.6%) and the patterns of resistance
determinants of organisms in hospital sewage were more
complex than those in city sewage. In city sewage there
was a higher precentage of non-resistant bacteria than
hospital sewage (city: 22.5% hospital: 7.7%). For
resistance .to only one antibiotic the resistance to
ampicillin was the commonest one in both hospital and city
sewage.
Table 11. Number of resistances in sewage bacteria isolated on
plain MacConkey agar plates for sampling periods 8-10
(A) Hospital sewage:
Number (percentage) of strains resistant
Mar 86 May 86 Nov 86 Total
No antibiotics
Any antibiotics
















Tested 39 93 141 273
(B) city sewage:
Number (percentage) of strains resistant
Mar 86 May 86 Nov 86 Total
No antibiotics
Any antibiotics



















tested 38 114 88 240
XX Detection of gentamicin resistant bacteria in sewage
The percentage of organisms resistant to gentamicin was
calculated from the ratio of the cfuml growing on MacConkey
agar containing gentamicin compared with the cfuml on plain
MacConkey agar. The result is given in Table 12. The
percentage resistance to gentamicin fluctuated considerably
at both sites and was significantly higher (By t-test,
P=0.000) in hospital sewage than Shatin sewage (hospital:
ranged from 0.72% to 27.08% with a mean of 15.90% city:
ranged from 1.49% to 6.02% with a mean of 3.85%).
Table 12. Percentage of sewage organisms resistant to gentamicin
(A) Hospital sewage:



















































Mean 0.72 17.11 25.96 27.08 14.75 13.63 11.39 23.33 8.37 16.68 15.90
(S) City sewage:

















































1.80 1.49 6.02 14.20 2.29 3.01 2.14 3.50 1.59. 2.50 3.85
Percentage resistance to gentamicin was calculated from the ratio of the
numbers of organisms growing on MacConkey agar containing gentamicin
compared with the numbers growing on plain MacConkey agar.• 4
IX.a for sampling periods one to seven
Among the 475 multiply-resistant isolates (which were
initially isolated on the six antibiotic-containing media)
identified by method 1 and then 2, the number of .E coli,
Klebsiella and Enterobacter was 67 and 87 in hospital and
city sewage respectively. Of these 154 isolates a high
proportion was resistant to gentamicin (Table 13). The
percentage of gentamicin-resistant organisms of these three
species was 73.13% and 72.41% in hospital and city sewage
respectively. However, the number tested was too small to
justify for any wide generalization.
Table 13. Number and percentage of gentamicin resistant coli,
Klebsiella and Enterobacter isolated on the six
























Hospital sewage City sewage
IX.b for sampling periods eight to ten
541 isolates were randomly picked from plain MacConkey
agar plates. They were identified by method 2 and tested
for sensitivity by method 3. The number of species and
percentage of gentamicin-resistant strains are given in
Table 14 (refer to Table 10 for details). In hospital
sewage, Klebsiella (24.6%) was the commonest organism
followed by Citrobacter (14.3%) coli (12.3%) and
Enterobacter (8.9%). In contrast the order of frequency
was different in city sewage E coli (40.7%) was the
commonest organism followed by Klebsiella (11.7%)
Enterobacter (10.9%) and Citrobacter (2.4%) which was
comparable to the human bowel flora. For hospital sewage,
the mean percentage of gentamicin-resistance was highest for
Klebsiella (33.33%) and Enterobacter (26.92%), followed by
Citrobacter (9.52%) and El. coli (2.78%). For city sewage,
the mean percentage of gentamicin-resistance was
comparatively much lower at about 3% for the three species
(Enterobacter: 3.70%, Klebsiella: 3.45% and E. coli: 2.97%).
Table 14. Number of species and percentage of gentamicin-
resistant bacteria isolated on plain MacConkey for
sampling periods 8-10
(A) Hospital sewage:
Species Number (number resistant to gentamicin)



































Tested 42 (13) 93 (13) 158 (50) 293 (76) 26.21
(8) city sewage:
Species Number (Number resistant to gentamicin)




































42 (1) 114 (2) 92 (3) 248 (6) 2.45
Mean percentage of gentamicin-resistant bacteria was
calculated from the ratio of the total number resistant to
gentamicin of a particular species compared to the total of
that species.
521 isolates were randomly picked from gentamicin-
containing agar plates. They were identified by method 2
and tested for sensitivity by method 3. The number and
percentage of species are given in Table 15. In hospital
sewage, Enterobacter (24.47%) was the commonest organism,
followed by Klebsiella (19.94%), Citrobacter (8.76%) and E.
coli (3.93%) in descending order.
In contrast, the order of frequency of gentamicin-
resistant bacteria was dramatically different in city
sewage, E. coli (42.63%) was the commonest organism,
followed by Enterobacter (10.00%), Citrobacter (7.89%) and
Klebsiella (6.32%).
Table 15. Number and percentage of species of gentamicin
resistant bacteria isolated on gentamicin-containing
plates for sampling periods 8-10
(A) Hospital sewage:
Species Number(%) of gentamicin-resistant bacteria































Tested 30 102 199 331
(B) City sewage:
Species Number(%) of gentamicin-resistant bacteria































Tested 30 64 96 190
Percentage of gentamicin-resistant bacteria was calculated
from the ratio of the number of a particular species
compared to the number tested.
x Characterization of gentamicin resistant E coli and Klebsiel1c
in sewage
After identification and sensitivity testing,
gentamicin-resistant E_ coli and Klebsiella were chosen for
further analysis including conjugation experiments and
plasmid profile analysis. The details of gentamicin-
resistant E. coli strains and Klebsiella are given in
Appendix 7, and a summary of the collection of 363 strains
is given in Table 16. For hospital sewage, there were 31 E
coli, 125 K pneumoniae, 2 K oxytoca and 2 K ozaenae. For
city sewage, there were 177 E coli, 20 K pneumoniae, 4 K
oxytoca and 2 K ozaenae.
Table 16. Characterization of gentamicin-resistant E. coli









































































































































Abbreviations used: Klebsiella pneumoniae• (pneu)
Klebsiella oxytoca (oxyt) and Klebsiella ozaenae (ozae
20 4 2
X.a biotyping
Biotyping was performed with the Microbact 24E System
by method 2. Biotypes were identified according to the
code-numbers in this system. The incidence of different
biotypes is given in appendix 8 (for each sampling period),
and appendix 9 (for ten sampling periods). The summary is
shown in Table 17.
For hospital sewage, there were 21 different biotypes
JLl coli and 58 different biotypes of Klebsiella. For
city sewage, there were 89 different biotypes of E_. coli and
18 different biotypes of Klebsiella.
The majority of biotypes occurred only once and then
disappeared (The percentage of biotypes that occurred only
once were, for hospital sewage 71.43% E_ coli and 63.79%
Klebsiella, and for city sewage 55.06% JE coli and 66.67%
Klebsiella). Some biotypes persisted for several sampling
periods and then disappeared, no particular biotype
predominated, except that for Klebsiella in hospital sewage,
26 (20.16%) organisms were of the same biotype (1 4756 3776).
Table 17. Summary of the incidence of biotypes for sampling
periods 1-10
(A) Hospital sewage:
Organism Number of isolates

















Total number of biotypes= 21

























Total number of biotypes= 58
Total number of isolates= 129
(B) City sewage:
0tganism Number of isolates Number(%) Percentage of






















Total number of biotypes= 89










T°tal number of biotypes= 18
°tal number of isolates= 26
X.b resistance patterns
15 antibiotics were used in sensitivity testing by..
method 3. The resistance pattern of each organism tested
was recorded. The incidence of different resistance
patterns is given in Appendix 10 (for each sampling period)
and Appendix 11 (for ten sampling periods). The summary is
given in Table 18.
For hospital sewage, there were 24 different resistance
patterns amongst 31 isolates of E coli. and 51 resistance
patterns among 129 isolates of Klebsiella. For city sewage,
there were 54 different resistance patterns among 177
isolates of E coli and 21 different resistance patterns
among 26 isolates of Klebsiella. The majority of patterns
occurred only once and then disappeared. The percentage of
patterns that occurred only once for hospital sewage was
79.17% for E coli and 58.82% for Klebsiella, and for city
sewage 59.26% for E coli and 85.71% for Klebsiella. Some
patterns persisted for several sampling periods and then
disappeared.
Table 18. Summary on the incidence of different resistance
patterns in sewage for sampling periods 1-10
(A) Hospital sewage:

















Total number of resistance patterns= 24

























Total number of resistance patterns= 51
Total number of isolates= 129
(B) City sewage:





































Total number of resistance patterns= 5
Total number of isolates= 177









Total number of resistance patterns= 21
Total number of isolates= 26
X.c transferability of drug resistance
Conjugation experiments were performed on 44 strains of
gentamicin-resistant E coli and 15 strains of. gentamicin-
resistant Klebsiella. The list of organisms chosen is given
in appendix 12 and the results in appendix 13. The summary
of frequency of transfer and transferability of resistances
to five antibiotics are given in Table 19 and 20.
There was a high prevalence of transferable resistance
in coli and Klebsiella species in both hospital and city
sewage. For hospital sewage 81.8% of gentamicin-resistant E
coli strains and 50.0% of gentamicin-resistant Klebsiella
exhibited transferable resistance; for city sewage
resistance was transferable in 72.7% of gentamicin-resistant
E. coli and 100.0% of gentamicin-resistant Klebsiella.
The frequency of transfer of drug-resistance to five
antibiotics ranged from 7X102 to 2X107 for ampicillin,
4X102 to 8X10~8 for tetracycline 1X10 to 8X10~8 for
chloramphenicol, 1X10-1 to 3X107 for kanamycin, 9X102 to
1X10-7 for gentamicin.
For 29 (49,15%) transferable organisms, the transfer of
resistance was not complete, i.e. resistance to some
antibiotics (e.g.' resistances to ampicillin, tetracycline,
chloramphenicol, gentamicin and kanamycin) were usually
transferred while resistances to some antibiotics were not
transferred (e.g. resistance to nalidixic acid, rifampicin












Table 19. Summary of frequency of transfer of resistance
to five antibiotics
Table 20. Summary of transferability of drug resistance to five
antibiotics
(A) Hospital sewage:















Total 11 9 10
(B) City sewage:





24 (72.7%) 401 (100.0%)
9 (27.3%) 0 0 0( 0.0%)
Total 33 4 0 1
Abbreviations used: Klebsiella pneumoniae (Kleb pneu),
Klebsiella oxytoca (Kleb oxyt) and Klebsiella ozaenae (Kleb
ozae). The five antibiotics included ampicillin,
tetracycline, chloramphenicol, kanamycin and gentamicin.
X.d plasmid profile analysis
Plasmid profile analysis was performed on 217 strains
of gentamicin-resistant JE coli and Klebsiella isolated
during sampling periods one to nine. A total of 245
gentamicin-resistant coli and Klebsiella were isolated
during this period, 28 isolates that perished during storage
or had been discarded during storage were not tested. The
distribution of plasmid-carrying organisms is given in
Appendix 14. This is summarised in Table 21.
There was a low percentage of isolates that did not
carry any plasmids. 6.7% of E_ coli and 4.7% Klebsiella
isolated from hospital sewage, 5.43% of E £oli and no
Klebsiella isolated from city sewage.
For the plasmid carrying organisms, the number of
plasmids from approximately 10 to 120 megadaltons (Md)
ranged from one to six. The majority of them usually
carried two to three plasmids. With reagrds to the number
of plasmid bands, for hospital sewage, of 23 E coli strains,
•
there were 6 different plasmid patterns and of 54
Klebsiella there were 6 different plasmid patterns. For
city sewage of 109 E coli strains there were 5 different
plasmid patterns and of 18 Klebsiella there were 5
different plasmid patterns.
Table 21. Summary of the distribution of plasmid-
carrying organisms in sewage for sampling
periods 1-9
(A) Hospital sewage:








































Total number of isolates 64
(B) City sewage:



























Total number of isolates= 21
Symbols used: dead or discarded(?), absence of
plasmids(-), presence of plasmids(+).
DISCUSSION
I Viable counts of coliform bacteria in sewage
The bacterial concentration was significantly lower in
hospital sewage than in city sewage in all the samples
taken. The mean total viable count in hospital sewage was
2.69xl0-cf uml and in city sewage was 1.47x10 cfuml. This
may have been due to the much smaller population in the
hospital (approximately 3000 staff and 1500 beds when fully
functional in 1986) compared with Shatin city (a population
of 0.5 million). In addition some organisms may have died
during their passage through the hospital sewers due to the
presence of bactericidal chemicals or to disinfection of
bed-pans before disposing their contents. However a
4
simple test of antimicrobial activity of hospital sewage did
not demonstrate any antibiotic or disinfectant effect .so•
that killing of bacteria if it does occur, presumably takes
place before the faeces reach the sewers. It should be
noted that the hospital wards are equipped with bed-pan heat
disinfection.
The total viable counts in sewage were similar to those
seen in other studies which examined bacterial contents in
sewage by a similar methodology. Grabow and Prozesky (1973)
compared numbers and some properties of drug-resistant
coliforms in the sewage of a city (population, 113,000) and
in the sewage of a hospital (1,650 beds) near the city. The
total coliform count in hospital sewage was 5.0x10 cfuml
and in city sewage was 1.0xl06 cfuml on plain MacConkey
plates.
Other studies had given different results. Sturtevant,
Cassell and Feary (1969) by a similar method demonstrated
that the total coliform count on MacConkey plates from five
sewage treatment plants ranged from 5x10 cfuml to 3x10
cfuml. Linton et al. (1974) by a different method
demonstrated that total coliform count was higher in
hospital sewers (1.6xl07 cfuml to 3.5xl07 cfuml) than in
the inlet to sewage treatment works (5.6x10 cfuml) and in
domestic sewers (8.7x10 cfuml).
There were considerable variations in the proportion of
antimicrobial resistant strains in sewage during the study-
period. In summary, there was a dramatic increase in the
percentage resistance to the six antibiotics in hospital
sewage during the first two sampling periods, after which
the value fluctuated or levelled off. In contrast, the
percentage resistance to amikacin, gentamicin, cefuroxime
and chloramphenicol remained fairly constant throughout the
study in city sewage while the percentage resistance to
ampicillin and trimethoprim increased dramatically and with
considerablr fluctuations (refer to RESULTS II. for details).
II Changing pattern of antibiotic resistance
. a
The possible factors that may contribute to changes in
antimicrobial resistance in sewage bacteria will be
discussed one by one including: source, time, consumption of
antibiotics and number of patient admissions.
II.a source
There was a significant increase in the percentage of
resistant and multiply-resistant organisms in hospital
sewage with time. In contrast, the percentage of resistant
strains remained fairly constant in city sewage. After the
first sampling period, there was a consistent and
significantly higher proportion of resistant strains in
hospital compared with city sewage.
A major difference between the two sites was the
consumption of antibiotics. There was a high antibiotic
selection pressure in the hospital environment which
presumably did not exist in the city environment.
Baya et al. (1986) observed that natural waters exposed
to toxic chemical wastes showed a higher incidence of
antibiotic resistant bacteria than domestic sewage. Whether
the high incidence of antibiotic resistance in hospital
sewage was related to the presence of antiseptics and
disinfectants remains to be determined.
Il.b time
For hospital sewage, there was a dramatic increase in
the proportion of resistant organisms in the first two
sampling periods. After that, there were considerable
fluctuations or levelling off. A simple linear relationship
between mean percentage resistance and time could not be
demonstrated by linear regression analysis.
Duncan's multiple range test (Table 22) was performed
to see if the mean percentage resistances of samples of the
same source were significantly different from one another.
There was no significant difference for the percentage of
resistance to ampicillin, trimethoprim and cefuroxime in
hospital sewage, and gentamicin in city sewage.
1) Percentage resistance to chloramphenicol in hospital
sewage
The May. 1985 sample was significantly higher from
all the other samples which were of the same Duncan
grouping.
2) Percentage resistance to gentamicin in hospital sewage
The May 1984 sample was significantly lower from
the next three samples. Samples from May 85 to Nov 86 were
not significantly different from one another.
3) Percentage resistance to amikacin in hospital sewage
The Aug 85 sample was significantly higher from all
the other samples which were of the same Duncan grouping.
4) Percentage resistance to ampicillin in city sewage
Except for the May 84 and Aug 85 samples all the other
samples were of the same Duncan grouping. The May 84 sample
was significantly lower from the May 85 Aug 85 and May
86 samples.
5) Percentage resistance to chloramphenicol in city sewage
The ten samples belonged to four Duncan groupings
demonstrating that there were much fluctuations in the' level
of resistance.
6) Percentage resistance to trimethoprim in city sewage
The Mar 86 sample was significantly different from all
the other samples.
7) Percentage resistance to cefuroxime in city sewage
The Aug 84 sample was significantly different from all
the other samples which belonged to the same Duncan
grouping.
8) Percentage resistance to amikacin in city sewage
The Aug 85 sample was significantly different from all
the other samples. The initial four samples and the final
%
three samples belonged to the same Duncan grouping.
By Duncan's multiple range test, in city sewage,
percentage of resistance was generally not significantly
different between different samples. This was also true for
resistances to chloramphenicol and amikacin in hospital
«•
sewage.
In hospital sewage, the resistance to gentamicin in the•
May 1984 sample before the hospital was functional was
significantly lower than the percentage of gentamicin
resistance in sampling periods two to ten. Moreover,
although there were considerable fluctuations, gentamicin-
resistance in these latter nine sampling periods were not
significantly different.
The initial dramatic increase was probably due to the
opening of the new hospital, which was associated with a
great increase in the use of antibiotics. It is difficult
to explain the following fluctuating results obtained from
hospital sewage and it may be partly due to the unstable
situation in a new hospital environment.
























II. c consumption of antibiotic
Changes in percentage resistances with time and source
were related to the changes in consumption of antibiotics in
the hospital. Since there were increasing patient numbers
(Figure 4 Table 6) over the study period there was an
increasing antibiotic consumption (Figure 8 Table 5).
Simple linear regression analysis was performed to see the
relationship between time and consumption of antibiotics.
The result is shown in Table 23. The consumption of
ampicillin gentamicin, cotrimoxazole cefuroxime increased
steadily with time. The consumption of chloramphenicol and
amikacin fluctuated considerably with time.
Ampicillin and gentamicin were two heavily used
antibiotics. Although cefuroxime was theoretically reserved
as a second line drug it was quite frequently used because
of the high percentage of ampicillin-resistance in E coli.
Amikacin was a strictly reserved drug. Chloramphenicol was
used only infrequently for treating typhoid fever or
meningitis. Cotrimoxazole was not frequently used.

















We have looked at the correlation of percentage
resistances with time and the correlation of consumption of
antibiotics with time. Since it was demonstrated that
percentage resistances were not linearly related to temporal
changes, simple linear regression was performed to see the
correlation between the percentage resistances in hospital
sewage and consumption of antibiotics. The result is shown
in Table 24. There was no simple linear relationship between
antibiotic consumption and percentage resistances in the
hospital sewage. The correlation for antibiotic doses of
ampicillin, chloramphenicol, gentamicin, cotrimoxazole,
cefuroxime were .16444, -.05888, .09806, -.22599, .16533
and .29846 respectively.

















Figure 3. presents the consumption of antibiotics
and percentage resistances against time in graphical forms.
1) Consumption of ampicillin and percentage resistance to
ampicillin
The high level of ampicillin-resistance in both
hospital and city sewage is not surprising since ampicillin
is frequently prescribed by general practitioners and such
resistance is common in clinical practice in Hong Kong.
Recent studies have shown that ampicillin-resistance is
common in organisms of faecally-contaminated freshwater
streams in Hong Kong (French et al., 1986).
The consumption of ampicillin increased steadily with
time while there were considerable fluctuations in




2) Consumption of chloramphenicol and percentage resistance
to chloramphenicol
The consumption of chloramphenicol fluctuated
considerably. The percentage resistance in the initial
sample was 4% and rose gradually to 9% during the first
.»
seven months. After that, it levelled off to 5% except for
a sharp increase to 34% in the May, 1985 sample.
3) Consumption of gentamicin and percentage resistance to
aentamicin
The consumption of gentamicin increased steadily.
Percentage resistance to gentamicin showed the most dramatic
increase in the first two samplng periods, after that, it
levelled off with considerable fluctuations.
4) Consumption of cotrimoxazole and resistance to
trimethoprim
Cotrimoxazole was not frequently used. Resistance to
trimethoprim might be over-estimated since the accuracy of
detection depended on a light inoculum size which was not
standardised in this study.
5) Consumption of cefuroxime and percentage resistance to
cefuroxime
The consumption of cefuroxime increased steadily witl
time. The percentage resistance in the initial sample wa;
2% and increased sharply to 10% and remained at this leve!
with considerable fluctuations.
6) Consumption of amikacin and percentage resistance to
amikacin
The consumption of amikacin was low and fluctuated
considerably. Percentage resistance to amikacin was very low
at 0.01% in the initial sample and remained less than 1%.
Since there was no direct linear relationship between
the consumption of antiibotics and the proportion of
hospital sewage strains resistant, it is concluded that
consumption of antibiotics in the hospital is not the only
factor influencing the changes in percentage resistances in
hospital sewage.
II.d number of patient admissions
Correlation of time and antibiotic consumption with the
number of patient admissions is given in Table 25. The
number of patient admissions increased steadily with time.
It was indirectly related to percentage resistances because
as the number of patients admitted increased, the
consumption of antibiotics also increased.
The consumption of ampicillin, gentamicin, trimethoprim
and cefuroxime increased steadily with number of patient
admission. The consumption of chloramphenicol and amikacin
fluctuated with the number of patient admissions.
Table 25. Correlation of time and antibiotic





















Ill Gentamicin-resistant gram-negative bacilli isolated clinically
Gentamicin-resistance was chosen as a marker. There
was a dramatic increase in the percentage of clinical
isolates resistant to gentamicin in the first few months.
This increase was not obviously due to particular outbreaks
of individual epidemic strains. The number of gentamicin-
resistant gram-negative strains and the percentage of such
isolates assessed as a proportion of patient admissions
increased steadily with time. The result of linear
regression analysis is given in Table 26.
Since the opening of the Prince of Wales Hospital in
May 1984 there was a steady increase in the number of
patient admissions and the consumption of antibiotics
increased in parallel. The increase in antibiotic selection
pressure lead to an increase not only in the number but also.
in the percentage of gentamicin-resistant gram-negative
clinical isolates. However, surprisingly, these increasing
trends were not reflected in hospital sewage. Except for an
initial increase in the percentage resistance to gentamicin
in hospital sewage, the value then levelled off wit
considerable fluctuations.
Table 26. Correlation of incidence of gentamicin-resistant gram-
negative clinical isolates with time, gentamicin doses











3) Percentage resistance to gentamicin in hospital sewage:
.10234 .25888
Significance level 0.05
IV Identity of sewage bacteria
IV.a sampling periods eight to ten on plain MacConkey agar
plates
For city sewage, on plain MacConkey agar plates, 248
randomly selected isolates were identified. The proportions
of different species were fairly consistent between the
three samples (Table 10). coli (40.7%) was the commonest
organism, followed by Klebsiella (11.7%) and Enterobacter
(10.9%). This distribution was comparable to the normal
flora in the human bowels.
For hospital sewage, on plain MacConkey agar plates,
293 randomly selected isolates were identified. The
proportion of different species were different for the three
sampling periods. However, the differences were mainly due
to the dramatically high incidence of Klebsiella in the
November, 86 sample and of Citrobacter in the May, 86
sample.
Generally speaking, the proportion of different
species were different for the two sources with E coli
predominating in city sewage, and Klebsiella and
Enterobacter in hospital sewage. This may have been due to
the antibiotic selection pressure in the hospital
environment which favours the colonisation of resistant
opportunists. Previous studies have shown that treatment
with antibiotics, even for short periods, may profoundly
influence the bowel flora for a long time afterwards (Datta
et al. 1971, Petrocheilou et al. 1977, Hartley Richmond
1975).
The question then arises whether the higher level of
resistances in hospital sewage was due to the shift of
organisms favouring the growth of the naturally more
resistant ones, or due to the acquisition of resistance
plasmid by the naturally sensitive ones. In city sewage,
the proportion of different species were comparable to
normal bowel flora and the three dominant species had
similar proportions of strains resistant to gentamicin (E
coli 2.97%, Klebsiella 3.45%, Enterobacter 3.70%) (Table
14). However, in hospital sewage, there was a shift in the
proportion of the different species and resistance of the
three species varied. For E coli, the resistance to
gentamicin (2.78%) was similar to that in city sewage.
However for Klebsiella (33.33%) and Enterobacter
(26.92%) the resistance to gentamicin increased
dramatically during the study period.
We can conclude that in the hospital environment
not only was there a change in environmental flora from E
coli to the naturally resistant Klebsiella and Enterobacter,
but there was also an increase in acquired resistance in
these two species. However it is important to note that
this increase in acquired resistance was not observed in
other species including E coli.
However amongst gentamicin-resistant gram-negative
bacilli isolated clinically E coli (36.78%) was the
commonest followed by Klebsiella (13.10%) and Enterobacter
(7.46%). Why was this distribution not reflected in the
sewage? Comparison of gentamicin-resistance in clinical
isolates and in hospital sewage is given in Table 27it
(derived from Table 14,7 and 15).The various hypotheses that
may explain for this discrepancy will be discussed one by one.
Table 27. Comparison of gentamicin-resistance in clinical isolates and
hospital sewage





























(B) For gentamicin-resistant clinical and hospital sewage isolates:



















1) Virulence and infectivity
When we examine the species composition and percentage
of resistant strains of clinical isolates, it is important
to consider not only antibiotic resistance, but also the
virulence and infectivity of the bacterial strains. Earlier
suggestions that the carriage of resistance plasmids may be
associated with a decline in virulence (Lacey 1975) have not
been obvious among clinical isolates of multiply resistant
coliforms (Casewell 1982).
When we look at the incidence and gentamicin-resistance
of the three common species among all clinical isolates from
1.6.1986 to 31.12.1986, E coli was the commonest ..organism
and had the highest percentage of gentamicin-resistant
isolates of the three species. One possible explanation is
that the infecting organisms in the clinical setting was not
proportionally and passively derived from the faecal flora,
but that good pathogens such as E coli cause proportionally
•
more infection than opportunists such as Klebsiella, on the
other hand, organisms such as Klebsiella are good colonisers
and readily cause cross-infection. Thus Klebsiella may
become the dominant colonisers of patient bowel, but
continue to cause less infections than E coli. Thus the
study of the clinical isolates reflects the organisms
causing infections, while the feacal flora of patients may
be very different and is revealed by the studies of hospital
sewage.
2) Differential survival
The faecal flora had to travel some distance in
hospital sewers to reach the collection site. In sewage,
the faecal flora was subjected to a new physical and bio-
chemical environment which may be favourable to the growth
of certain organisms but detrimental to others. The time- . •
lapse between excretion and collection allowed the
-
environmental factors to act on and cause changes in the
faecal flora. Thus sewage organisms may not truly reflect
faecal composition. In city sewage the faecal organisms had
«
to travel considerable distances before collection and may
have been affected by the industrial wastes. In hospital
• « «
sewage, disinfectants and other chemicals and bed pan
disinfection may have had effect. The nature of the faecal
flora may be very different between the two sites.
In the presence of antimicrobial agents, resistance
plasmids confer obvious survival advantages to the bacterial
host, but in certain circumstances plasmids may be
disadvantageous to host survival (Anderson 1973, 1974). In
order to confirm this theory, various experiments could be
performed. The time lapse could be calculated by adding
markers (e.g. dyes) into the hospital sewers. Rectal swabs
of patients could be taken and hospital sewage samples can
be collected at a number of points to examine if there is
• 4
any changes in faecal flora between different samples.
These experiments were not performed in the present study.
3) Exchange and loss of resistance plasmids
In vitro conjugation experiments were performed on the
gentamicin-resistant hospital sewage coliform isolates. In
nutrient broth a high percentage of them were transferable
it
(50%) and the frequency of transfer ranged from 10 to
10~®. However; the frequency of transfer differed under
different conditions. It was first noted by Japanese
workers that the transfer of multiple drug resistance
between members of Enterobacteriaceae did not take place as
readily in the intestinal tract as in the laboratory (Akiba
et al. 1961). Subsequent literature suggests that R-factor
transfer rarely occurs in the human gut except during
chemotherapy (Anderson et al. 1973; Anderson 1975). Under
certain conditions; in the absence of antibiotic treatment;
a few instances of transfer of resistance from ingested R-
factor bearing organisms to a resident recipient in a single
individual has been demonstrated (Smith 1969; Petrocheilou
et al. 1976) but in others; transfer of resistance failed to
occur jLn vivo even though the plasmids concerned could be
freely transferred in a broth medium (Anderson et al. 1973).
Enteric bacteria have been examined for their ability
to transfer antibiotic resistance in a wastewater treatment
plant (Mach Grimes 1982). Laboratory matings•• showed
transfer frequency of 2.1xl0~3. JEn situ matings for primary
and secondary settling resulted in frequencies of 4.9x10
and 7.5x10 respectively. Although the frequencies of
transfer were different in sewage and in laboratory, these
values suggest that a significant amount of resistance
transfer occurs in sewage in the absence of antibiotics as
t
selective agents.
It is therefore possible that in hospital sewage,
sensitive strains of Klebsiella and Enterobacter become
resistant by the acquisition of resistance plasmids. This
44
might be an explanation of the much higher percentage of
gentamicin-resistant isolates in hospital sewage compared
•
with clinical isolates.
The stability of a plasmid is measured by the
persistence in time of some or all the constituent
characters held on the plasmid. Plasmids with low stability
4'
will be totally or partially lost from individual cells in
the population by curing or dissociation. Both these eventsit
are influenced by many factors (For example, the host,
restriction systems, growth rate, growth nutrients,
temperature, other plasmids, radiation and chemicals).
Current work suggests that the situation is highly complex
and is multifactorial. There is also a statistical factor
because of the random nature of the events which culminate
in dissociation. plasmids are quite stable but in others
dissociationloss occurs at 10 per generation and higher.
Such results reflect the stress on the plasmid cell
association (Day 1982).
In the absence of antimicrobial agents, there is, with
few exceptions (Rubens et al. 1980, Noriega et al. 1975) a
tendency for overall loss, rather than gain, of transferable
resistances. Predeliction of plasmids for certain host
species may occur, and for clinical isolates multiple-
resistance plasmids are most commonly reported in Serratia
and Klebsiella species (Hinshaw et al. 1969, Verbist et al.
1978 Casewell et al. 1981). Conversely it has sometimes
been relatively difficult to detect transferable plasmids in
resistant strains Proteus rettgeri (Coetzee et al. 1972
Toni et al. 1980).
4) Dilution effect
The types of inflow into the hospital sewers include
soil and wastes from patients and staff. Presumably
characteristics of the faecal flora would be different for
the two populations. Sensitive strains from the staff would
have the effect of 'diluting' out the resistant strains from
the patients. This may be true for E coli since 17.0% of
E, coli isolated from all clinical sites from 1..6.86 to
31.12.86 were resistant to gentamicin but only 2.78% of E.
coli isolated from hospital sewage during sampling periods 8
- 10 were resistant.
V Antibiotic resistance of sewage bacteria
Y.a sampling periods one to nine on antibiotic-containing
plates
Agar-dilution sensitivity tests showed that numerous
sewage bacteria were resistant to antibiotics other than
those added to the selective media. The multiple resistances
of hospital and city sewage were significantly different (t-
test, P=0.000). For each source, there was absence of any
linear correlation between multiple resistance with time,
gentamicin-doses, ampicillin-doses, and the number of
gentamicin-resistant gram-negative bacilli isolated
clinically (Table 28).
During the first two sampling periods, the number of
multiply-resistant organisms increased significantly in
hsopital sewage, while there was a decrease in the number of
organisms which were resistant to a small number of
antibiotics in hospital sewage. In contrast, the changes in
city sewage were of a lesser degree.






















d. Gentamicin resistant gram-
negative clinical isolates
Significance level 0.05
Y.b sampling periods eight to ten on plain MacConkey agar plates
i
Sewage bacteria with multiple-resistance were detected
in all the .samples but were more numerous from hospital
(63.74%) than from city (54.58%) and the patterns of
resistance determinants from hospital were more complex than
those from city. For city sewage there was a higher
percentage of non-resistant bacteria than hospital sewage(
city: 22.5% hospital: 7.69%). These findings may be
explained by the antibiotic use in the hospital and the
clustering of the R-determinants on plasmids.
Ampicillin-resistance was the commonest single-
resistance observed. This may be explained by the high
prevalence of ampicillin-resistant bacteria in environmental
drainage water and clinical isolates in Hong Kong.
Ampicillin is also one of the most frequently prescribed
antibiotics.
VI Detection of gentamicin resistant bacteria in sewage
»»
Viable counts of colonies on MacConkey plates and
corresponding• gentamicin-containing plates allowed the
calculation of the percentage resistance to gentamicin in
sewage organisms. This value fluctuated in both sources and
was higher in hospital sewage than city sewage (hospital:
15.90% city:3.85%). This may be explained by the use of
gentamicin and other antibiotics in the hospital.
VI.a sampling periods one to seven
Among the 475 multiply-resistant sewage bacteria, of
the three predominant species, a high proportion of them
were resistant to gentamicin. However, the number of
strains tested was small and it is difficult to make
definite conclusions.
VI.b sampling periods eight to ten
Summary of incidence and genatmicin resistance of three
dominant species on plain MacConkey agar and gentamicin-
containing plates for sampling periods 8.- 10 is given in
Table 29 (derived from Table 14, 15). For hospital sewage,
on plain MacConkey plates there was a greater proportion of
gentamicin-resistance in Klebsiella (33.33%) and
Enterobacter (26.92%) compared with coli (2.78%). The
absolute proportions of all Klebsiella (24.6%) was also
higher than coli (12.3%) and Enterobacter (8.9%). It is
not surprising that on gentamicin plates the proportions of
Klebsiella (19.94%) and Enterobacter (24.27%) were higher
than E coli (4.23%).
For city sewage, the percentage resistance to
gentamicin of the three species was low (E coli: 2.97%,
Klebsiella: 3.46%, Enterobacter: 3.70%) compared with
hospital sewage. There was a much higher percentage of E
coli among gentamicin-resistant organisms isolated on
gentamicin-plates. This may be explained by the percentage
of different species in sewage isolated from plain MacConkey
plates, E coli was the predominant organism (J2 coli; 42.63%,
Klebsiella: 6.32%, Enterobacter: 10.00%).
Thus, the proportion of a species on gentamicin plates
( i.e. the proportion of a species among gentamicin-
i
resistant bacteria) may be subjected to at least two
factors: the proportion of that species in sewage and the
proportion of the strain resistant to gentamicin.
Table 29 Summary of incidence and gentamicin-resistance of three dominant
species on plain MacConkey agar and gentamicin-containing plates










































Tested 248 6( 2.45) 190
VII Characterization of gentamicin resistant E coli and Klebsiella
Species in sewage
VII.a biotyping
For hospital sewage, there were 21 biotypes of E coli
and 58 biotypes of Klebsiella. For city sewage, there were
89 biotypes of E coli and 18 biotypes of Klebsiella.
The majority of biotypes occurred only once and then
disappeared (the percentage of biotypes that occurred only
once for hospital sewage: 71.43% E coli, 63.79% Klebsiella
and for city sewage: 55.06% E coli, 66.67% Klebsiella). At
each sampling period, new strains were introduced, probably
due to the admission of new patients. Some strains existed
for several sampling periods and then disappeared. There
was no dominant biotypes that occurred in every sampling
period. The more frequently occurring strains included a
Klebsiella strain in hospital sewage: 26 (20.16%) isolates
of the same biotype (1 4756 3776) were found in sampling
periods 2, 7, 8, 9, 10. A E coli strain in city sewage: 15
(8.47%) isolates of the same biotype (1 4760 0660) were
found in sampling periods 1 2, 6, 8, 10.
There was no evidence of any dominant cross-infecting
organisms in-hospital sewage. The population of coliform
bacteria was very heterogeneous and consisted of a wide
spectrum of strains. However, it is also important to
consider if the resistances within these disparate strains
showed similarities.
VII.b resistance patterns
For hospital sewage, there were 24 resistance patterns
of E coli and 51 resistance patterns of Klebsiella. For
city sewage, there were 54 resistance patterns of E coli and
21 resistance patterns of Klebsiella. The majority of
resistance patterns occurred only once and then disappeared.
The percentage of resistance patterns that occurred only
once for hospital sewage was 79.17% for E coli and 58.82%
forKlebsiella. For city sewage the figures were 57.41% for
E coli and 85.71% for Klebsiella. There were no resistance
patterns that occurred in all sampling periods. The most
frequent resistance pattern in hospital sewage occurred in a
Klebsiella strain of resistance pattern ASKSuG isolated in
sampling periods 2, 4, 8, 9 and 10. There were 16 isolates
(12.4%) of this type of organism. The most frequent
resistance pattern in city sewage occurred in an E coli
strain of the resistance pattern ASTCSuTmG isolated in
sampling periods 1 2, 3, 5, 6, 7, 8 9 and 10. There were
37 (20.90%) of this type of organism. However, in both
cases, the organisms harbouring these resistance patterns
belonged to different biotypes.
VII.c drug transferability
There was a high percentage of transferable gentamicin-
resistance in E coli and Klebsiella species in both hospital
%
and city sewage. More than 50% of such strains showedi.-
transferable resistance. The frequency of transfer ranged
from 10 1 to 10®. For 29 (49.15%) organisms tested, not
all resistances were transferred.
One point of interest is that the frequency of drug-
transfer was higher at 37°C than at 28°C probably indicating
the human origin of the bacterial strains. Thus, the11
occurrence of resistance transfer by conjugation in sewage
may be infrequent because of low environmental temperature.
VII.d plasmid profile analysis
Few isolates carried no plasmids. For hospital sewage
6.67% of El coli,v4.69% of Klebsiella had no plasmids and for
%t
city sewage,- the figures were 5.43% of coli and 0.00% for• i
Klebsiella. In plasmid carrying organisms, the number of
plasmids ranged from one to six. The majority of them
usually contained two to three plasmid bands. Plasmid
profile analysis of transconjugants demonstrated that with
few exceptions, only one plasmid band was transferred.
Conjugation experiments were performed on 59 organisms.
43 organisms showed transferable resistance, but in some
instances, the transfer of resistances was not complete, and
some resistances (e.g. resistances to nalidixic acid,
cephalosporins) were never transferred.
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The number of colonies growing on appropriate plates were counted and calculation was
performed to give the cfuml.
Missing or discarded values






































































































































1984 May 1 1183200 285600 43680 20738 19460 19020 329
Aug 4 867500 281250 63750 11475 99000 55500 1198
Nov 7 1407500 554350 64060 83038 171908 30848 1176
1985 Mar 11 1335750 631250 53750 97700 107775 24875 581
May 13 2793333 1340000 141333 39000 243333 56667 1730
Aug 16 832500 662500 64000 25075 56250 16750 7800
Nov 19 1698750 764500 56625 24250 250000 54325 6270
1986 Mar 23 1435000 525000 35000 49500 355000 22000 940
May 25 2490000 1337500 84500 37500 257500 89000 8725
NOV 31 653333 240000 32500 16000 92500 19667 857
Average 1469687 662195 63920 40428 165273 38865 2961
Mean cfuml growing on each medium was the average value of cfuml of all samples collected
within the same sampling period.



















































































































































































































































































































































































































































































































































































































































































































































































1469687 44.79 5.10 3.85 11.67 3.08 0.23Vage
Percentage resistance to each antibiotic (concentration in mgL in brackets)
was calculated from the ratio of the cfuml growing on MacConkey agar
containing the respective antibiotic compared to the cfuml on plain MacConkey
agar.
Missing or discarded values

























































































































































































































































































































































































































































120641 97766 2500 50489 4234 2010 3982 60583 1662 15847 15468 6528
Abbreviations used: ampicillin injection (Ampl), ampicillin capsule (Amp2)
chloramphenicol (Cm), gentamicin (Gent), amikacin (Ak), tobramycin (Tb), co-
trimoxazole (Sxt, 400mg sulfamethozaxole+ 80mg trimethoprim), cefuroxime (Cxm),
cefotaxime (Ctx), ceftazidime (Czm), cefoperazone (Cp) and cephamandole (Cmd). All
antibioics are in injectionable forms except for Amp2, Cm and Sxt.









Number of sewage isolates
Tested Resistant to the number of antibiotic(s)








































6 58 15 39 26 16 12 11 1 0 0 0 0 0
0 37 23 25 85 109 118 65 23 11 0 0 0 0
8 19 13 17 36 52 153 80 10 7 1 1 1 0-
2 18 17 12 57 87 138 88 44 45 15 1 1 0
11 22 10 32 45 57 219 62 38 23 22 3 0 0
11 43 22 34 62 83 86 46 31 19 10 5 0 0
1 8 15 12 35 71 92 69 23 20 6 3 1 0
4 16 7 13 28 79 126 73 36 31 13 6 4 15
11 30 15 15 31 50 48 35 41 16 13 1 4 0








Number of sewage isolates
Tested Resistant to the number of antibiotic(s








































14 18 25 35 32 51 28 16 9 6 1 0 0 12
11 54 28 41 61 101 62 54 22 3 1 0 0£-
4 18 23 40 56 61 72 77 25 13 0 1 0 (2
12 26 29 40 67 87 92 66 49 18 7 4 3 2
23 36 45 37 63 80 83 57 24 7' 6 1 0£
17 23 19 34 28 36 63 76 22 6 9 1 1 2
4 7 15 26 47 43 38 46 19 8 4 2 0 2
5 6 33 52 77 60 66 41 24 8 4 2 14 12
34 16 40 21 37 58 57 73 28 10• 2• 2 2 1
3414 124 204 257 326 468 577 561 506 222 80 34 14 20 21otaxs.
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8.7 6.5 6.0 0.5 0.0 0.0 0.0 0.0 0.0
22.1 23.8 13.1 4.6 2.2 0.0 0.0 0.0 0.0
13.1 38.4 20.1 2.5 1.8 0.3 0.3 0.3 0.0
16.6 26.3 16.3 3.4 8.6 2.9 0.1 0.2 0.0
10.5 40.3 11.4 7.0 4.2 4.0 0.6 0.0 0.0
18.3 19.0 10.2 6.8 4.2 2.2 1.1 0.0 0.2
19.9 25.8 19.4 6.5 5.6 1.7 0.8 0.3 0.0
17.5 27.9 16.2 8.0 6.9 2.9 1.3 0.9 3.3
16.1 15.5 11.3 13.2 5.2 4.2 0.3 1.3 0.0












Percentaae of sewaae isolates
Resistant to the number of antibiotic(s)








































6.0 7.7 10.6 14.9 13.6 21.7 11.9 6.3 3.3 2.6 0.4 0.0 0.0 0.0
2.5 12.3 6.4 9.4 13.9 23.1 14.2 12.3 5.0 0.7 3.2 0.0 0.0 0.3
1.0 4.6 5.9 10.3 14.4 15.6 18.5 19.7 6.4 3,3 0.0 0.3 0.0 0.0
2.4 5.1 5.8 3.0 13.3 17.3 18.2 13.1 9.7 3.6 1.4 3.3 0.6 0.4
5.0 7.8 9.7 8.0 13.6 17.3 18.0 12.4 5.2 1.5 1.3 0.2 0.0 0.0
5.3 6.3 5.6 10.0 8.3 10.7 18.6 22.5 6.5 1.8 2.7 0.3 0.3 0.9
1.5 2.7 5.7 10.0 18.0 16.5 14.6 17.6 7.3 3.1 1.5 0.3 0.3 0.8
1.2 1.5 8.1 12.8 18.9 14.7 16.2 10.1 5.9 2.2 1.0 0.7 3.4 3.2
8.9 4.2 10.5 5.5 9.7 15.2 15.0 19.2 7.3 2.6 0.5 0.5 0.5 0.3
Total 3414 3.7 5.8 7.6 9.9 13.7 16.9 16.1 14.9 6.3 2.4 1.0 0.4 0.5 0.6
Percentage of sewage isolates was the ratio of isolates resistant to respective number of antibiotic(s)
compared with the total isolates tested.
Appendix 7. Characterization of gentamicin-resistant Eh coli and Klebsiella species
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i 1 0756 177
i 1 4756 377
i 1 4756 377
i 1 4656 373









































T+5 62.3 46.7 40.5 22.8 17.1
+1 82.9
T+5 62.3 53.9 30.4 26.4 22.8







+3 71.8 66.9 19.8
+1 62.3
T?








+5 88.7 79.9 72.2 48.0 39.2
+3 87.7 83.9 75.0
+2 98.1 30.0
+4 79.9 85.2 50.6 30.4
Wce Organism Biotype Resistance
pattern
Plasmid



















































































































































































































































































































+6 83.8 75.0 71.0 60.1 53.2 38.6
+4 83.8 71.0 53.2 38.6
+5 93.6 73.0 60.1 54.4 32.7
+5 85.9 75.2 68.8 60.2 29.6
+3 82.2 70.3 50.4
+1 101.1
+6 98.2 89.8 80.4 76.9 60.2 46.1
+3 76.9 68.3 29.4
+3 76.9 68.3 60.8
+3 73.9 86.4 93.5
+3 102.6 78.6 71.9
+3 102.6 96.0 40.3
+6 93.6 75.9 71.0 53.2 38.6 32.7
+2 93.9 63.8
+3 82.5 72.6 49.4
+3 86.4 73.9 46.2
+3 93.5 86.4 68.3
+5 97.2 89.9 73.9 54.0 39.5
+3 86.4 73.9 46.2











N+3 32.9 27.0 23.9
N+4 58.3 49.5 29.0 21.8
ple Code Organism Biotype Resistance
pattern
Plasmid

















































































































































93.5 84.3 66.0 61.7
93.6 83.8 60.1 52.3 45.5 43.1
93.6 75.0 60.1 48.1
101.0 86.0 53.2 32.9
76.3
P31-13 NS E coli
P42-17 G E coli
P04-53 G K oxyt
P04-112 G K ozae
P43-14 G K ozae
P03-08 NS K pneu
P03-26 NS K pneu
P03-47 NS K pneu
P03-53 NS K pneu
P03-73 NS K pneu
P03-95 NS K pneu
P04-03 G K pneu
P04-06 G K pneu
P04-07 G K pneU
P04-08 G K pneu
P04-09 G K pneu
P04-101 G K pneu
P04-108 G K pneu
P04-109 G K pneu
P04-113 G K pneu
P04-119 G K pneu
P04-13 G K pneu
P04-14 G K pneu
P04-15 G K pneu
P04-17 G K pneu
P04-28 G K pneu
P04-30 G K pneu
P04-39 G K pneu
P04-42 G K pneu
P04-44 G K pneu
P04-48 G K pneu








































































101.0 53.2 32.9 23.9
118.5 86.0 76.3











































P04-50 G K pneu 1 4756 3776 ACKSuGCuCp
P04-51 G K pneu 1 4756 3764 ATCKSuGCp
P04-54 G K pneu 1 4756 3736 AKSuG
P04-55 G K pneu 1 4756 3776 AKSuG
P04-56 G K pneu 1 4756 3760 AKSuG
P04-57 G K pneu 1 4756 1736 ATKSuG
P04-64 G K pneu 1 4756 3776 ACKSuGCuCp
P04-68 G K pneu 1 0756 3776 AKGCp
P04-70 G K pneu 1 4756 3774 ATKSuG
P04-71 G K pneu 1 4746 3736 AG
P04-83 G K pneu 1 4752 3776 AKGCp
P04-84 G K pneu 1 4752 3736 AKSuG
P04-85 G K pneu 1 0752 3736 AKG
P04-95 G K pneu 1 4752 3776?
P04-96 G K pneu 1 4756 3776?
P31-01 NS K pneu 1 4756 1734 ASCKSuGCp
P31-02 NS K pneu 1 4756 3756 ATSuTmGCp
P31-21 NS K pneu 1 4756 3776 ATKSuG
P31-28 NS K pneu 1 4756 3766 ATSuTmGCp
P31-32 NS K pneu 1 4756 2736 ASCKSuGCp
P31-34 NS K pneu 1 4756 3776 ASTKSuGCp
P32-01 NS K pneu 1 4756 2574 ASTSuG
P33-07 NS K pneu 1 4756 3776 ASTKSuG
P33-09 NS K pneu 1 4756 1736 ASKG
P41-11 G K pneu 1 4756 3336 ASKSuG
P41-16 G K pneu 1 4756 3776 ASTKSuGCp
P41-22 G K pneu 1 4756 3766 ATSuTmGCp
P41-25 G K pneu 1 4756 2734 ASTCKSuGCpRi:
P42-10 G K pneu 1 4752 3766 ASTKSuGCpRif
P42-21 G K pneu 1 0756 3776 ASTCKSuGCp
P42-24 G K pneu 1 4756 3776 ASTKSuGCp
P42-27 G K pneu 1 4756 3776 AKSuG
P43-01 G K pneu 1 0752 3776 ASKG
P43-06 G K pneu 1 4756 3774 ASKSuG
P43-23 G K pneu 1 4752 3776 ASSu




Nbr Size (in meqadaltons)
Sample Code Organism Biotype Resistance
pattern
Plasmid
Nbr Size (in megadaltons)
























































































































1 6760 0764 ATCSuTmCoG
3 0760 0670 ASTCSuG
1 0760 0660 ASTCKSuTmG
1 4760 0660 ASTCSuTmG
1 4760 0661 ASTCKSuG
3 6760 0760 ATCKSuTmG
1 0760 0660 ASTCKSuTmGCu
3 6720 0720 ASTCSuTmG
3 4760 0620 ATCKSuG
1 0760 0260 ATCTnG
1 0760 0660 ASTCTmG
1 4660 0760 ASTCTmG
1 2760 0660 ASTCTmG
1 4756 3776 ASTCSuG
1 6760 0660 KGAkCuCpCt
3 4760 0660 ASTCKSuTmG
3 4760 0460 ASTCSuTmGRif
1 6760 0660 ASTCKSuTmG
1 6760 0460 ASTCSuTmGRif
1 6760 0664 ATCKSuTmG
1 4760 0670 ATCKSuTmGCpRif
3 4760 0624 TCKSuTnGRif
1 6760 0660 ASTCKSuTmGRif
3 4760 0460 ASTmGCpRif
1 4760 0660 ASTCKSuTmGCpRi
3 6760 0660 ATCSuTftiG
3 4760 0664 ASTCSuTmG
3 6760 0660 ATCSuTmG
3 4760 0671 ASTCKSuTmGRif
3 6760 0660 ASTCSuTmG
1 4760 0460 ASTCSuTmG
1 4760 0271 ASTCKSuTmGRif
3 4760 0764 ASTCKSuTmGCp
1 0760 0264 ASTCSuTmGCp
1 0756 3766 ASTCKSuTmGCp
3 6760 0664 ASTCKSuGCp
3 4760 0670 ASTKSuGCpRif
3 4560 0660 ASTCKSuTmGCuN
3 2760 0660 ASTKSuTmG











N+5 95.5 81.0 49.5 45.6 42.0























+4 63.8 59.9 49.3 43.4
+3 57.7 53.2 17.4
+4 63.8 59.9 49.3 42.0
Sample node Organism Biotype Resistanca
pattern
Plasinid





















































































































































































































































+3 72.2 58.9 23.6
+4 85.1 61.2 33.6 20.8
+1 48.1
+3 87.7 77.8 48.1
Dle Porte Organism Biotype Resistance
pattern
Pla3inid













































































































































































































































































































































77.8 64.9 61.2 49.3
77.4 70.3
68.1 33.6 22.8








78.6 67.3 62.9 29.6
72.7 24.0
38.6 3.1
84.1 58.9 32.0 17.4
62.1 53.0 38.6
77.8 65.0















86.0 79.4 70.4 38.6 28.1 17.4





































































































































































































































































































































118.5 86.0 79.4 73.3 45.4
ple Code Organism Biotype Resistance
pattern
Plasmid
Nbr Size (in megadaltons)
Nle Code Organism Biotype Resistance
pattern
Pl aKmid





















































































1 6740 0662 ASTCKSuTmGCp
3 4740 0670 ASTCSuTmG
1 0760 0672 ASTCKSuTmGCp
1 6760 0262 ASTCSuTmGCp
1 4740 0460 AKSuTmGCp
1 4760 0670 ASTCSuTmGCp
1 2760 0220 ASKSuTmGCp
3 4760 0260 ASTCSuTmGCp
1 4760 0660 ASTCSuTmGCp
1 4560 0660 ASTCSuTmGCp
3 0760 0260 ASTCSuTmGCp
3 4760 0760 ASTCKSuTmGCp
3 2760 0660 ASTCKSuGCp
3 0760 0620 AKSuTmGCp
1 6760 0665 ASTCSuTmG
3 4760 0662 ASTCSuTmG
1 6760 0264 ASTCKSuTmGCp
1 4740 0670 ATCSuTmG
1 4740 0660 ATCSuTmG
1 4760 0620 ATCSuG
1 4760 0620 ATCSuTmG
1 4740 0760 ATCKSuTmG
1 4772 3776 ASTCKSuTmG
1 1752 1764 ATG
1 0752 3736 ASKGCp
1 0742 3774 ASCKSuGCpRif
1 0756 3776 AKG
1 4756 1776?
Symbols used: Transferable (T) Non-transferable (N), presence of plasmid(+), absence of
plasmid(-); untested since dead or discarded(?).
Appendix 8. The incidence of different









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Organism Biotype Number of isolates
E coli 1 0740 0764
E coli 1 2760 0664
E coli 1 4556 3766
E coli 1 4660 0660
E coli 1 4664 0101
E coli 1 4720 0630
E coli 1 4760 0660
E coli 1 4760 0670
E coli 1 5760 0660
E coli 1 6660 0260
E coli 1 6760 0460
E coli 1 7760 0660
E coli 3 0660 4161
E coli 3 0760 0660
E coli 3 4760 0660
E coli 3 4760 0670
E coli 3 6760 0660
E coli 3 6760 0724
E coli 3 6760 0760
E coli 3 6770 0724
E coli 3 7760 0660
Total number of biotypes= 21
K oxyt 1 4776 3536
K oxyt 1 4776 3766
K ozae 1 0752 3737
K ozae 1 6752 2036
K pneu 1 0656 1776
K pneu 1 0656 3736
K pneu 1 0656 3766
K pneu 1 0746 3766
K pneu 1 0752 2776
K pneu 1 0752 3726
K pneu 1 0752 3736
K pneu 1 0752 3776
K pneu 1 0756 1776
K pneu 1 0756 2776
K pneu 1 0756 3636
K pneu 1 0756 3726
K pneu 1 0756 3764
K pneu 1 0756 3766
K pneu 1 0756 3774
K pneu 1 0756 3776










































































































































































































































































Total number of biotypes= 58
(B) City sewage:










































































































































































































































































































































































































































































































































































































Total number of biotypes= 18
Appendix 10. The incidence of different resistance






















































































































09 K oxyt ASKSuG 1






































































05 K pneu ASTCKSuGRif 1










































































































































































































































































































































































































































































































































































































































































































































10 K oxyt ASTCKSuTmG 1
09 K ozae ATCSuTmG 1
10 K ozae ATG 1
01 K pneu ASTCSuG 1




































































Total number of resistance patterns= 24
Symbols used: untested since dead or discarded(?)
Appendix 11. Incidence of different resistance
































































































































































































































































































































































































































































































































































































































Total number of resistance patterns= 21
Symbols used: untested since dead or
discarded(?)
appendix 12. List of gentamicin-resistant sewage E coli and Klebsiella that had been randomly
chosen for conjugation tests
Hospital sewage:
ple Code Organism Biotype Resistance
pattern
Plasmid




























































































T+4 93.9 82.5 72.6 33.6
is




















































































































































































































































58.3 49.5 29.0 21-.8





93.5 84.3 66.0 61.7
93.6 83.8 60.1 52.3 45.5 43.]
93.6 75.0 60.1 48.1
101.0 86.0 53.2 32.9
76.3
JCity sewage:
ple Code Organism Biotype Resistance
pattern
Plasmid













































































95.5 81.0 49.5 45.6 42.0
































































































































































































































































ple Code Organism Biotype Resistance
pattern
Piasmid





















































































































































118.5 86.0 79.4 73.3 45.4
Symbols used: Transferable (T), Non-transferable (N), presence of plasmid(+), absence of
plasmid(-), untested since dead or discarded(?).
appendix 13. Frequency of drug transferability of gentamicin-resistant sewage E coli and
Klebsiella at 28°C and 37°C
Hospital sewage:




Frequency of transfer (X10~~)
Amp T Cm K Gent
31 P4F6 G E coli ASTCTmCuCoNx N+l
31 P7A1 G E coli ASTCKSuTmG T+l 2.5- 2.3- 1.2
652.2- 65.2- 1.8
32 P13-14 A E coli ASTCKSuG
h
2 P14-03 C E coli ASTCKSuG
L
2 Pl7-26Tm E coli ASTKSuTmGCp
32 P17-45Tm E coli ASTCKSuTmGCpRif

































3 P04-04Tm E coli ACKSuTmGCuCp


























Pl6-311m E coli ACKSuTmG
Pi3-50 A K pneu ASTKSuG
N?
T+l 0.1 0.04- 0.4
0.0 0.4- 0.5
ple Code Organism Resistance
pattern
Plasmid Frequency of transfer (X10-4)
number
































































































































































































Sample Code Organism Resistance
pattern
Plasmid Frequency of transfer (X10-4)
number


































































































































































































































tnple Code Organism Resistance
pattern
Plasmid Frequency of transfer (X10~)
number



















































































































































































Sample Code Organism Resistance
pattern
Plasmid Frequency of transfer (Xl'0~)
number


















































































































































Symbols used: Transferable (T), Non-transferable (N), presence of plsmid(+), absence o
plasmid(-) untested since strains dead or discarded(?).
Abbreviations used: Ampicillin (Amp), Tetracycline (T), Chloramphenicol (Cm), Kanamyci
(K), Gentamicin (Gent).
Appendix 14, The distribution of plasmid-carrying organisms
in each sampling period
(A) Hospital sewage:






























































































Sample Site Organisms Number of
Plasmid Isolates
























































05 P K pneu + 2 1





















































































































































































































































































































































Sample Site Oragnism Number of
Plasmids Isolates
08 S K oxyt +2 3
10 S K oxyt ? 1
09 S K ozae +2
10 S K ozae ? 1
01 S K pneu +4 1

















































Symbols used: presence of plasmid(+) absence of
plasmid(-), untested since strains dead or discarded
(?), hospital sewage (P) city sewage (S), Klebsiella
pneumoniae (K pneu) Klebsiella oxytoca Tk oxyt),
Klebsiella ozaenae (K ozae).







0 1 1 1 1 1 1 1 1 I I I• I I 1 I I 1 I i I I I 1| I 1 1
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Time in months since hosDital ooenina
Figure 2. Mean percentage resistances to six antibiotics in hospital and city sewage from May 1984 to November 1986.
Time in months since hospital opening
(B) City sewage
Time in months since hospital opening
Figure 3. Consumption of six antibiotics in the Prince of Wales Hospital from May 1984 to November 1986.
Time in months since hospital opening
Figure 4. The number of patient admissions in the Prince of Wales Hospital from April 1984 to November 1986.
Time in months since hospital opening
Figure 5. Centamicin-resistant gram-negative bacilli isolated clinically in the Prince of Wales Hospital from
Tlmn in mnnthc cinrp hncnitI nnpninn
May, 1984 to November 1986.
Figure 6. The incidence of multiple resistance in hospital and city sewage from sampling period one to nine
(A) Hospital sewage:
Time in months since hospital opening
(B) City sewage:
Time in months since hospital opening
Figure 7. Consumption of six antibiotics in the Prince of Wales Hospital and the
percentage resistance in hospital and city sewage from May 1984 to November 1986












































1 4 7 11 13 16 19 23 25 31











































1 4 11 i ii 1 2 : 2 3
















































1 4 7 11 13 16 19 23 25 31
Time in months since hospital opening













































1 4 7 11 13 16 19 23 25 31
Time in months since hospital opening
Percentage of gentamicin-resistant gram-negative
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